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“EXCELLENT PAST EXPERIENCE... 
that’s why we specified Kuhlman’ 


says W. H. Brown, 
ibove installation at Doswell, Vir 
‘They are rugged in constructio1 


provide all the features we consider 1 


We particularly like the design 


“We are also impressed with their | 
solves our problem of maint 


ciearances 


Then. t ne eae ‘hedul 
nen, too, delivery was according to scnedaule 
; 
ls 


which, in itself, 


s no little consideration. 

This installation of three Kuhlman single phase 
power transformers, plus a spare, serves the grow- 
ing rural and small industrial community of 
Doswell, Virginia. Although some of the load is 
polyphase, single phase units are used rather than 
three phase to give greater versatility for serving 
the system’s single phase farm and residential lines 

Like Mr. Brown, you'll find Kuhlman small 
power transformers meet all your requirements 

especially those features important to you. 





KUHLMAN POWER TRANSFORMERS 
KUHLMAN ELECTRIC COMPANY General Offices: Birmingham, Michigan 
BAY CITY, MICHIGAN . CRYSTAL SPRINGS, MISSISSIPPI ° SALINAS, CALIFORNIA 
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THE COVER: The U. S. Navy's 
Vanguard rocket is shown dur- 
ing its successful launching as 
it rises above its servicing tower 
at Cape Canaveral, Fla. Story 
appears on page 475. 
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Write today for the 
Kearney Catalog, 
Section 6, on Hook 
Operated Disconnects 


Type ie Type MCL—200 
nd 400 amperes. 
N OW 400 and 600 amperes ns caren F 


use of hot-stick 
load interrupt- 
ing device. 


peak performance 


at lowest cost with 


KEARNEY 
hook operated DISCONNECTS 


Sturdy, simplified construction of Kearney Center Bolt type Blade withstands 80 Ibs. thrust at 
Disconnect Switches offers field-proved performance with sub- 90° to pull ring without distorting. 
stantial cost savings. Current-carrying parts comply with all 90° blade stop in open position 
NEMA standards for heat rise and surge capacity. One-piece checks blade from falling free. 

casting of terminal pads and contacts minimizes transfer points, Positive latch and pry-out prevent 
reduces heat. Blades and blade lock are exceptionally strong galling. 

and rigid. See and test this superior equipment —discover how Hinges carry no current, permit 
you can get maximum performance at minimum cost. best mechanical design. 


JAMES R. KEARNEY CORPORATION ~- 4224-42 Clayton Avenue «+ St. Louis 10, Mo. 


FOR BETTER CONSTRUCTION —SAFER MAINTENANCE 


Specify Kearney Products 


Plants of: ST. LOUIS * FAYETTEVILLE, ARKANSAS ¢ SHENANDOAH & CLARINDA, IOWA ¢ GUELPH, ONTARIO, CANADA 
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Primary interrupter Switch 


TRANSFORMERS BUILT ON FRESH IDEAS 


New designs, incorporating latest ideas, insure more 


dependable performance, better looking units 
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COSTS CAN BE REDUCED IN SEVERAL WAYS ELECTRICALLY 


Higher voltage distribution transmits more current 
for light and power with smaller lines more efficient- 
ly, and provides better voltage regulation. 

The installation of SORGEL dry-type transform- 
ers at load centers to step down the current to utili- 
zation voltage, will reduce wiring costs because 
shorter secondary feeders can be used — in new 
buildings or modernization projects. 

ALL Sorgel dry-type transformers are so quiet 
that they are adaptable for any indoor installation 
— in institutional, commercial, and industrial build- 
ings. They do not require fire-proof vaults, nor any 
other enclosures. 

Available in all standard and intermediate rat- 
ings, 44 to 3000 Kva, 120 to 15,000 volts. 

SORGEL transformers, either dry-type or As- 
karel-cooled, are also incorporated in substations. 
They are procurable with any type or make of 
switchgear, and from any substation manufacturer. 





Electric power for various manufacturing proc- 
esses can be regulated and controlled more efficient- 
ly with SORGEL saturable reactors. Any amount 
of A.C. power from 1 Kva to 3000 Kva, single phase 
or 3-phase, at any voltage, can be controlled, regu- 
lated, and varied in stepless increments, either auto- 
matically or manually. 

The control can be a small manually operated 
hand wheel that can be placed in any desired lo- 
cation, or the power can be automatically controlled, 
regulated and varied by a thermostat or any other 
instrument or device. 

Some typical applications for SORGEL saturable 
reactors are: controlling and regulating the tem- 
perature of electrical furnaces, ovens, metal melting, 
glass melting, heat treating, dimming incandescent 
and infra-red lamps, and various chemical! processes. 

SORGEL saturable reactors are designed to meet 
your exact requirements. Let us know what your 
requirements are, and we will submit our recom- 
mendations with complete information. 


For more information contact 
the Sorgel Electric Company, 
or consult the classified sec- 
tion of your telephone direc- 
tory for our nearest sales 


engineer 


id ET Ff I 


TRANSFORMERS 


, ca 
Wg i ee 


150 Kva saturable r 
indicating instru 


the temperatur 


SORGEL ELECTRIC CO., 846 West National Avenue, Milwaukee 4, Wisconsin 


40 years’ experience in the development, manufacturing and application of transformers 
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Stee! Mill and Foundry “hot spots rovide one of in- 
dustry's worst torture chambers for wire and cable. Hecot 
overloods and corrosive fumes combine to kill ordinary 
cable quickly. 

Don't take a chance on ordinary cable for troublesome 
“hot spot” applications. Specify and use Rockbestos A.V.C. 

This superior AVA cable, with asbestos, varnished cambric 
insulation, takes temperatures up to 230°F, assuring con- 


tinuous operation in hot spot applications, provides greater 


carrying capacity for 
When you specify and buy Rockbestos A.V.C., you reduce 


your electrical maintenance and construction costs... you 


get years more dependable service. 
Write now for the new Rockbestos RSS-88 to help you 
specify and buy Rockbestos A.V.C. 


ROCKBESTOS PRODUCTS CORPORATION 
NEW HAVEN 4, CONNECTICUT 


NEW YORK » CLEVELAND © DETROIT + CHICAGO + © 


> 


RGH « ST. LOUNS « LOS ANGELES « SEATTLE « ATL 
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AMP-lok 


the new concept in multiple connector design 


... IT’S SELF-ANCHORING 


AMP-iok obsoletes all it replaces because of the 
following design features: 


e@ contacts are identical . . . self-cleaning 


AMP-lok eliminates the necessity for supplementary recessed for safety 


° . . HS ' oe a os ° ° 
mounting devices in through panel multiple con @ finger grip engagement and disengagement 
nector applications. : ated — 
@ polarized to eliminate circuit error 
Additional literature and samples available on request. wide panel thickness accommodation —one simple 
mounting hole required 


color-coding available 


AMP-lok can be used as a Safe, free-hanging 
multiple connector, also. 


AMP INCORPORATED 


GENERAL OFFICES: 
4139 Eisenhower Bivd., Harrisburg, Pa. 


Wholly Owned Subsidiaries: Aircraft-Marine Products of Canada Ltd., Toronto, Canada e Aircraft-Marine Products (Great Britain) Ltd., London, 
England « Societe AMP de France, Le Pre St. Gervais, Seine, France ¢« AMP — Holland N. V. ’s-Hertogenbosch, Holland 
Distributor in Japan: Oriental Terminal Products Co., Ltd., Tokyo, Japan 
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MODEL TT— 
Molded Module 





ot eb approx 





MODEL TT— 
SPECIFICATIONS 


COIL WATTAGE: Rated nominally at .150 watt per 


pole at an ambient temperature of 20°C. 
COIL OPERATING VOLTAGE RANGE: To 115 VDC 


CONTACT RATINGS: Up to 5 amperes at 115 volts 
AC or 32 volts DC noninductive, with standard contact 
material, palladium. Other materials can be supplied. 


CONTACT COMBINATIONS: Standard combinations 
are DPDT, 4PDT, and 6PDT (maximum). Others can 
be furnished. 


WEIGHT: Approximately 2 ounces for 4PDT relay. 
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MODEL TS— 
SPECIFICATIONS 
COIL WATTAGE: Rated nominally at .250 watt per 
pole at an ambient temperature of 20°C. 
COIL OPERATING VOLTAGE RANGE: To 115 VDC 


CONTACT RATINGS: Up to 10 amperes at 115 volts 
AC or 32 volts DC noninductive with standard contact 
material, silver-ccadmium oxide. Other materials can be 
supplied. 


CONTACT COMBINATIONS: Standard combinations 
are DPDT, 4PDT, and 6PDT (maximum). Others can 
be furnished. 


WEIGHT: Approximately 3 ounces for 4PDT relay. 


For more information circle 6 on reader service card. 





at- Coa co) g-Wa atmo) 6l-mmote)alele lence) amel-1-ilela) 





1 di ame-lalom clge> disalita-jii-veie— 


\ 


| DIRECTION | 





H 


ie) 0) 1a = 


“DIAMETER OF ROD~ 


Dotted lines indicate magnetic fields. Color shading illustrates the resultant distribution of alternating current in rou 


ductors. Mechanical 


force is developed as the centers of current try to move into t 


th f their no yet f 


le Centers O el! 


Low skin-effect ratio favors tubular shape 


Skin effect becomes increasingly important in the medium 


and 


larger sizes of bus conductors carrying alternating 
current he basic reason for using tubular con- 
ductors, quite apart from the structural advantages 
possess. Tubular shapes (round or 
ls have low skin-effect ratios, 
© resistance to alternating Current. 
is, essentially, the crowding of the m 
current flowing conductor toward tl 
i contrary flow induced in the cente 
in the inner 
of a tubular conductor 
1X Surrounding it 
y effect is un¢ 1 distribution of an electrical 


the cross-section of a conductor due to dis- 


tortion of the surrounding magnetic field by the field or 
fields generated by current in neighboring conductors. 
rhe practical result of *‘proximity” is an increase in the 
apparent resistances of the conductors affected. Mechan- 
ical forces also are generated 

Field-and-current distribution problems are two of the 
many which complicate bus design. The Technical Depart- 
ment of The American Brass Company is always available 
to engineers for consultation in the selection of Bus 
Conductors for specific needs. To arrange for consultation 
and to obtain a copy of Publication C-25, Anaconda 
Copper for Electrical Conductors, see your Anaconda 
representative, or address: The American Brass Com- 
pany, Waterbury 20, Conn. In Canada: Anaconda 


American Brass Ltd., New Toronto, Ont. vo Rev. 


ANACONDA 


THERE'S AN ANACONDA ELECTRICAL CONDUCTOR FOR EVERY NEED 


e 


WIRE & ROD 


FLAT BARS 
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...and that’s what they get 


when you select Westinghouse fite-lines motors 
for your air conditioning systems 


Everybody appreciates a quiet-running air conditioning 
system... many people, by the very nature of their work, 
not only desire it, they demand it. And, one of the surest 
ways you can give your customers the quietness they 
require is by selecting Westinghouse Life-Line® “‘A”’ motors 
for your industrial and commercial air conditioning systems. 

Completely sound-engineered, each Westinghouse Life- 
Line “‘A”’ receives a total of 34 separate checks and tests 
to make sure that you get the quietest motor available 
today ...a motor which will contribute substantially to 
the satisfaction your customers receive from your air 
conditioning systems. 


In addition, your customers will benefit from greatly 
simplified motor maintenance. Pre-lubrication coupled 
with fortified insulation and close-tolerance machining 
makes the Life-Line the nearest thing to a main- 
tenance-free motor available. 

For more information on the Life-Line “A” for air 
conditioning drives, contact your Westinghouse represen- 
tative. Or, write Westinghouse Electric Corporation, P.O. 
Box 868, 3 Gateway Center, Pittsburgh 30, Pa. J-22127 


you can 8€ SURE...1F ITs Westi nghouse 
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Magnetic Metals Company mass-produces 
highest quality magnetic core laminations 








Standard sub-miniature lamination designs 


shown sucn as are 


at Magnetic Meta 


now avail 


is Company 


Typical transformer 


ure Magnetic core laminations 


able from stock 


units using sub-minia- 


for sub-miniature transformers 


Electronic and transistor-coupled ngineers specially skilled in 


amplifiers are now required In many field supervise all phases of produc- 


compact assemblies which depend tion using modern, accurate testing 
upon extremely small transformers 


being 


transformers, 


facilities to insure the characteristics 
available. Designers of such , 
. and quality of the shipped parts 
seeking highly con- = , 
: nities which are mechanically an 


centrated core performance, specify 
i netically the best available 
A data 


ture 


magnetic core laminations having 


; sheet li b-minia- 
mechanical as well as heet listing sub-minia 


precision 


superior electrical characteristics. transformer laminations now 
stock is 


S8A. y Ou 


copy upon request. 


. le . nrecsente 
Magnetic Metals Company per- available from presented 


sonnel are long experienced in the in bulletin may have a 


custom manufacture of laminations. 





TIC METALS COMPANY 


ELECTROMAGNETIC CORE PARTS AND SHIELDS « HAYES AVENUE AT 21st ST. » CAMDEN 1, N. J. 
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SUPER-PARARITE” PARAPRENE® 


CABLE 


SUPER-PARARITE PARAPRENE CABLE. 
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PARANITE WIRE AND CABLE DIVISION 
Essex Wire Corporation, Fort Wayne 6, Indiana 
MANUFACTURING PLANTS: Birminghom, Ala.; Anaheim, Calif.; Jonesboro, Ind.; Marion, Ind.; Tiffin, Ohio 
Sales Offices in all Principal Cities 
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ADD UP TO 


Effective Electrical Contact, 
Lower Current Density 


" WARE. 


CAPACITORS 


’ : , tn. neni: wale + nechanical cimnkemty. thia 
Here’s the simple answer to providing Besides its mechanical simplicity, this 


r 
an effective electrical contact where cur- method of contact is better able to handle 
rent is introduced into the capacitor electrical stresses caused by extra-heavv 


element. This is the critical point in current flow. Since the contact areas are 


> » ¢ it CNH” ial V | 1¢ > <} ant . 
the capacitor, especially under transien more numerous and larger than with other 


voltage conditions. | ey 
” designs, there is less current flow at any 


An aluminum foil extends from either one point. 
end of the Varex element. Against the foil a 

Here is a contact method fully able to 
goes a large contact plate that touches ; 
nae Pape 7) Pe withstand the most severe stresses. It’s 
every turn of foil. Steel springs -- two at 
each end of the element -- press the plate 
against the foil, acting like strong, tireless 


hands to maintain a good contact. 


Chie Brraca. 


available only in Varex. 


OHIO BRASS COMPANY, MANSFIELD, OHIO 
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To simplify your power equipment design... 
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OPTIONAL MOUNTING STYLES... 


Versatility... 


S iste—tome (ole-40) OM -laalel-ia—) 
Silicon Power Rectifiers 


baircimakshareyarst 
Rectifier Corp. 


VERSATILITY ratings and mounting nfigurations. coupled with field _ Type Current Rating Voltage Rating Bulletin 


Complete assemblies utilizing these diodes ore also available 


REVERSE POLARITY TYPES. In 


LIER OF INDUSTRIAL METALLIC RECTIFIERS «© SELENIUM +«+ GERMANIUM « SILICON 
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Electrical Engineering Education 


and Research in the USSR 


P. A. ABETTI G. F. LINCKS 
MEMBER AIEE FELLOW AIEE 


First part of a two-part article on education and organizations—the Little Octoberists, ages 8-11, th 


research in the USSR. Based on Lenin's conviction Pioneers, ages 9 to 14, and the Communist Youth, ages 
that ‘“‘you cannot build a Communist State with 14 to 25. There is some overlapping of ages to provide 
illiterate people,”’ the Soviet Union has, since leadership and continuity. There is direct teaching of 
Tsarist days, made a tremendous effort to build communist ideology in the universities, as will be dis- 
up a pool of professional and technical man- cussed late 
power to “catch up” with and then surpass the 

capitalistic countries. UNDERGR4* 


iatest 
3 { Ovie | 11oO 
Part I— Education Soviet Union 


stitutes 


HE CHILD in 
USSR 


lucation in th 


ind continues until he 


| They go to school five hours 
eptember until about the middle of June 
I 
ile continues up through Middle School an 
, ' * 


different in the universities The 


, 
On languages starts 


sciences up to the age of 11 


, ; 
middle schools regardless 


ineel 


71.000 
o dig ditches o1 become scient +] 
trie 


HO) 


To go into industry o1 | 

To enter a factory 1950 ipbou electri ngine i presenti 
) To enter a “Technicum’ hnic ! oraduating ich \ I tl USSR i hi ibout 30 
for industry, agriculture, teaching hy | education are womel ate ivallable 
et Somewhat similar to our tec high schools 27,500 eng ers in total and 6,600 elect engineers 

Io enter the middle school, ag } 1! ig] J luatin in 1955-56, with a1 ivibl percentage ot 


similar to the college p ratory 1 ur high ' men. may be luded t t n th USSR, the 


school sraduates per year in engineering as a whol re about 


: 1 times as many as in the [ ( tes, while ele 
All through the school period, the pupil is subjected ; , 
trical engineers are about 40 
to teachings in the ideology of the Communist Party 

Organization a et ition. Engineering institu 


Not very much classroom time is spent in the elemen 


tarv and middle schools. It is done largely in the yout! 


tes come under the Ministry of Higher Education. Each 


Institute is subdivided into trom ; to & divisions 


fakul’tetv) depending upon the size and scope of the 


I 
1; | led 


In turn, each division is divided into special 


or majors (spetsial’nost), which are usually further 
subdivided into specializations spetsializatsiva), as 


shown in Fig. 2. However, there seems to be no speciall 
zation in the high voltage engineering majo 
This characteristic ol extreme spec I ilization 1S typical 
nstitutes alien ¢ of the Soviet system for engineering and other technical 
available 


training, and should be considered with respect to its 


nd research 
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immediate benefits and possible long-range conse ORGANIZATION OF ENGINEERING INSTITUTE 
quences 3 TO 8 DIVISIONS IN EACH INSTITUTE ) 
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Fig. 2. The organization of institutes 
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Fig. 3. Tuition and living expenses 
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Fig. 4. Allocation of time by major fields of study 
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and by 


learning procedure ar in Figs. 4 and 5 re. 


spectively 

Nontechnical subjects are concentrated largely in the 
first and second years and consist principally of ideology 
of communism and physical training or military in- 
no liberal art 


struction. I xcept for languages, there are 


subjects in the curriculum. The number of subjects of 


instruction depend upon the specialty and vary between 


1) to 45, as compared with 20 in the United States, if 


grouped the Samie Way. 

Ihe same subjects are studied by all students during 
the first year. In the second, third and fourth years, the 
the same for all students in a given 


subjects studied are 
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major and in the fifth year differ according to the 
Within 
mathematics gets 300 to 400 hours total and physics 
200 to 400 hours total. 

Grades and Exan 
student must have passing grades or higher in all in 
There 


100 


specialization selected. the general sciences, 
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In order to graduate, the 


; ify 
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struction subjects included in the curriculum 
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leads to 
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80-90 passing o1 }: and “bad” (plokho) or non 
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entire veal 
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Fig. 5. Allocation of time by learning procedure. 
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tion, including entire tables, charts, and illustrations, 





was copied directly from earlier American and German Table I. List of Day Division’s Specialties and Specializations 


° « 7 fe » 7 ; 
publications. In some cases, the original sources were at the Moscow Power Institute 


quoted, in others not at a In some cases textbooks of Division Specialty Specializations 
foreign authors have been translated comp! lv: for 
instance Bewley's wel wn book on 


vaves 
Phe 
books is 


for instance, standardiz 





fundamentals and 
Dy, these text 
manuals for 


their practical work 


THE MOSCOW 




















Voltage en 


neering and has 
foundations of insmitters 
1; 


Cc) racio recel\ nt , an i measure 


ments. 


and 


In addition, there ; other general laboratories 
offices (kabinety) used by students of all divisions for 


practice gniments, such as general physics 





mentals of electrical engineering, general electrical e1 
ginecring, strength of materials, drawing, etc. The in- 
stitute library has 600,000 volumes in Russian and other 


languages 
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Table II. Curriculum of Specialty: Electric Stations, Electrical Circuits and Systems 
Hours *Distribution By Semesters 
Practice 
Assign 
ments 
Subject ander 
Super 
vision 
of In- Tests 
struc- Course During Course Typical Final 


Total Leeture Lab tors Project Course Projects Designs Exams Other 





Curriculum. The student's time is spent in various 3. Laboratory Assignments—these are performed indi 
types of work: vidually or in small groups 
1. Home Assignments—typical designs and computa 


1. Lectures—common to all groups of students in a_ tions are done independently. 


5 4 Course Project 
Scientific-technical investigations in the laboratories 


given specialty or specialization 


audi 6. 


Assignments—these are done in the 
—4th and 5th years only. 


2. Practice 
torium in one group 
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7. Industrial Practice : sag oes z Nn ; 
Table Il]. Time Distribution of 542 year Training in the 


search stitutes yy thi QD v | ‘ } ay a 
- ates [On “Electrical Power Division of the Moscow Power Institute. 
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medical, and engineering fields; the remaining 25° in 


A 
the humanities, 


arts, and social 


sciences; with about 


3,400 candidate degrees (40°) and 150 doctor degrees 
1 
- | 


How 


or’s degrees had previously earned a candidate de- 


in engineering. 


ever, onl 


a minority of the persons receiving 


While the proportion of women completing under- 
40° (30! 
( ( 


~. receive candidate, and 5‘ Oo 


iduate training is about in electrical 
ngineering), 20 a doctor's 


For comparison, of the about 


yuivalent 1,560 


> 600 M.S 
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doctor the 


in same 


the United States, only about 23° 


> were in the 
of 


science, medicine, 


Or! 


engineering. [This com 
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which has no counterpart in any 


t Il will cover Research in the USSR.) 


in science and engineering in 
phenomenon 
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THE ENGINEERING FOUNDATION 


Its Aims and Activities 


ES 


FELLOW 


The Engineering Foundation's Board of Directors 

is anxious to make its activities better known 

and understood. Greater participation by 
AIEE is sought. 


OUNDATIONS, or in other 
endowme! 


words philanthropic 


its, are not new: indeed, they of 


More th 


varaohs set 
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ancient De€ 
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fore Christ, up 
5th Century B.C., Cimon of 
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to advance the engineering FUTURE PROGRAM 


profession as a ol Thus, it has underwritten the 
; : SO MUCH for present activities and procedures There 


mm and publication of several important text- : 
I ; can be little dispute that Engineering Foundation has 


has financed studies of engineering aptitudes . 
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eis. kaleidoscopic age, however, established practices are 


Protessional Develop } , 
i always fair game tor questioning moving tech 


and it has made sub 
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Magnetic Amplifier Design — Part I 


R. E 


ASSOCIATE 


and fine per- 


EXCELLENT SUITABILITY 


formance of the magnetic amplifier in applications 


ruggedness and reliability have led to increas- 


this device as a control component. From this 


arises a need for information and methods 
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netic 


ANDERSON 
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to be used in the design of the magne tic amplifier as a 
system component. With this background, an effort 1s 
directed toward presenting an organized collection of 
data which may be used in a practical step-by-step man 


Although 


single 


ner to de sign the toroidal magnetic al ylifier. 


emphasis is given to the single-ended, 


| 
full-wave 
j uivalence tactors 


Phe 


magnetic im plifie rs 


lase circuits, some 


approxim ite Ee 


ave been given for various other circuits scope 


is limited 


The 


designer 


to the self-saturating type 


St techniques are arranged to save the component 
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s time and thus expedite the engineer 
magnetic amplifiers. 
the general approach t 


area by the iron are 
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2 thickness of core material suitable 


ol operation 
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given to facilitate the choice 


contains the dimensions ot cores 


es in the orde! ot Si tor quick d 
, and shows the interchangeability between cores 


from different suppliers. In Part II on this subject, tech 


niques are given for the winding design, compl tion of 


the design, and a checking process 
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the establishn 


method hi: which 
in calculating 


the 


is been presented enables 
i core design fol use 
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the toroidal magnetic amplifier this process 
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Fitting Computers into 


Control 


W. I 
ASSOCIATE 


Report of a panel discussion on the present and 

potential applications of computers in feedback 

control systems. The extent of the influence of 

computers on control concepts and some of the 

obstacles to more extensive use of computers 
in control systems are discussed. 


N ALL FEEDBACK CONTROL SYSTEMS, some 


rm of analo )} computation is. prese 


" 
pier 


Massachusetts 
Moore 
an Aviation 
yartment, E. I. du nt de Nemours Co 
I. Marcy, manager roduct Development Lab 


i 


International sine ichines Corporatior 


Indicate the exte 


with Control systems 


Explore the extent to w omputers will operate 


part of control systems with special emphasis on the 
! ! ! 


industrial and process control area; i. industrial au 


tomation 


». Set forth areas, jobs, or operating conditions in which 


it appears analog o1 digital con puters seem best fitted 


1. Determine to what extent the use of computers in 


control will influence control concepts and analysis tech 
niques as well as hardware and components 


5. Determine some of the obstacles to more extensive 


use of computers in control systems 


il article recommended for f ion by th ATEE Feedback 


Svstems Committee 
N. ¥ 


Sollecito is with the General Electric Company, Schenectady 


Sollecito—Fitting Computers into Control Systems 


Systems 


SOLLECITO 
MEMBER 


ALEF 


have 
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pained 


was generally agreed 


that 


and us¢ in 


computers 
vid military 


lespread acceptance control svs 
I I 


industrial control 


machine 


the 1} 
I 


industrial 


liabilit 


ADEOLU AC 


generating 


j 


design 


man to commu with the comp 


basic one and one occur more tre 


{ 


compute! directed systems become more common 


In the second class of computer contro] systems, com 


puter and control elements are interconnected in ordet 
to have one or more feedback LOOPs The computer again 
stores a fixed solution to a problem but now the com 
puter is contained within the contro] loop and computer 
dynamics must, therefore, be considered in system de 


\ fire 


now, for the Class 2 systems, analog computers have been 


control system falls in this category. Up to 


sign. 


almost universally used but there is a trend toward the 


use of digital computers to do the computation. This 


trend seems to stem from the desire to centralize al] 


computations in a single element or unit and to gain the 
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advantage of accuracy and versatility of the digital com- tronic 


puter. Because of the difficulty of 
puters to work in real time, consideration is also 


given to combined digital] 


brains. But if he turned to the tech 


getting digital com of our time, he could not fail to conclude 


important aspect of the post World War 


analog computation in which — been the development of the techn« 


ritl rire 


1c Operat re performed digitally t control systems. VW 
ition IS I inalog domain lore sensat 
Componei tl 


compute! 
tv 1 


new ¢ 


CONTROL SYSTEMS REOUIRING COMPUTERS 


suDDress 


ussion bv sug 


nputers be 


troi svstem ystems should be 


com tween t 
piex enougn 


san Eco! 


Moore 


hnolog our prese 

li ] } ld ; } 

1eadlines in our lay press, he would this as 
! 

age of scientific breakthroughs in nuclear capacity digita 

energy, jet propulsion, supersonic flight, and giant elec- Analog computers cannot match 
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ology OI Tell 


accuracy, but often can perform simple computations 


more rapidly, more smoothly, and more economically 


than digital equipment. Digital computers have char- 


acteristics of high accuracy, great flexibility, and a 


lity of handling complex computations. They also 
idvantage in the high degree of standardization 
Thus, a 


large numbers of identical 


components digital computer con- 


simple circuits which 


be reconnected in a different “logical de 


SOLVE 


completely different problems. Digital 


ers also theoretically are attractive in that thes 


lesigned to check themselves. In addition 


jure the accurate control ot voltage Oo! 


pplies because thev operate essentially independ 


} 


m i9nitude S of voltage 


thres} 


or current provided 
1] 


1OId limits 


litudes exceed other 


On the 


malfunctions 
the computation 
{ 


intages of dig 


it 
it 


ai computers cannot tullyv be 


iS 1Ong as anaiog detectors must be used for 
input and output feedback quantities 


This is 
tne accuracy, comple XILY, 


j 


system is as dependent on the 


ind reliability of the 


analog digit il COn- 


input-output equipment) as on the basic digital 


r itself. The development of reliable digital 


will enhance the attractiveness of 


rs, thus, 


computers tor control system application 


ers ire necessary parts ol contro] 


systems involve more than a sin 


ngle output, on where desired input-output reé 


ations can only be approximated by a mathematical re 


iuionship different trom the input-output characte1 


of the power element or of a simple feedback 


computers are useful where the computational 


‘lements of the system are secondary in complexity to 


Digital 


Iplex 


the complexity of detectors and transducers 


computers come into then own where con com 


standardization and flexi 


standard c 


putation is required or where 


bility make possible the use « mmputer [ol 
of different applic 

of this, the assur 
inalog ind digital com | 
inder the environme! 
Until qi omputers have 
best of 1 reliability under rugged envir 
conditions 


have 


proble 


Howeve ce lesign ligital computers 


gone a iong i\ A soivin the reliability 


hich 


eariel 0 t¢ iigital computers to 


fixed installations. Thus, with the advent of transistors 


ted techniques, the 


1 


degrees ot re 


and modern 
has 


which analog computers 


circuits soldering 


il compute! begun to achieve 


cannot exceed Such 


computers make it possible now to consider con 
trol systems of a complexity heretofore unthinkable. If 
inalog-to-digital conversion equipment can keep pace 


in reliability, accuracy, and cost with the advantages 
in digital computers themselves, or if 


detectors with 


digital outputs can match the reliability and accuracy 
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of their analog counterparts, we will see the day very 
soon when almost any multivariable system will be con- 
trolled by a digital computer 


PHEORETICAL GAINS OF REAL-TIME CONTROLLERS 


DR. RAGAZZINI took a lead from Moore and coined the 
names These 


indicate the predominant type of computer in a control 


“anatrollers” and “digitrollers.”’ names 


system 
There can be litthe doubt that computers offer in 


creased flexibility although at increased cost and com 


plexity. Assuming that the systems in question are of 
sufhcient importance and of such economic or military 


value that cost factors are not dominant, or that they are 


multivariable systems previously described, then com 


puters are necessary. And the question Is 
computers should they be? 


The as Dr. Ragazzini inte 


Th ] hye ' ble mrine 
is assumed to be capable oft acceptin 
I 


inalog compute! 
and to process that data to generat 
put or command signal which is 
process being controlled. In doing 
nonlinear differential equations 
tionships relating the 
+} 


ney may 


inputs o1 


re 
output 


be one input and one 
: 


and many outputs. Taking the linear system an e€x 


ample, the analog computer can be d basis 


of cancelling undesirable ettects lesirable 


poles and zeros of the plant transfer ind re 


placing them with desirable pol s nd ! r¢ 


1 +} j 


sultant over-all pertormance could then described 


alter Compensation, by its stable differential equation 


© equations, dynamic properties 


ered desirable. One tact re 


mains 
that the system transient response in 


CONSISts of the we ighted sum of exponentials 
for the system to react 


However, if 


a condition which is within eng 


quires an infinite time 


it 1s acceptable 
Possibly, a more serious deficiency of a purely an ilog 


system occurs when one considers self-optimizing or self 


idjusting svstems, where an auxiliary computation Is 


to determine the index of performance 


I his problem 1s of importance tor those 


the unctions vary continuously 


being con 


tart ip problems are 


sidered controller constants must, theretore 


djusted continuously, but slowly, to opumize pe! 


mance 


Investigation will show that it 1s often simple! 


out the auxiliary numerical 
| hus 


torm 


computation by 
an auxiliary computer is probably digi 
as to whether a 


This raises the question 


lly digital or discrete system is not a better means for 


plementing the control 
The 


tems has been studied under the general classification of 


system 

use of digital or discrete controllers in linear sys 
sampled data systems. The progress to date has resulted 
in the development of theory underlying the implemen 
tation of such systems in which the controller handles 
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the sequence of numbers at its input and delivers the 


sequence of numbers at its output. That such controllers 
should have certain advantages from a dynamic point 
of view was not fully appreciated until quite recently 
For instance, it is possible to design linear systems the 
transient response of which are of finite duration over 
This 


made to respond to an input or disturbance, 


continuous times means that the system can be 


such as a 


step, with completely deadbeat performance sy con 


trast, a continuous linear analog system cannot be 


con 


verted into a system no matter how complex 


the analog controlier 
liscrete contr 


the probability 


realized, that nonlinez stems can 


} ; 
ontrolled I hese tavorabD actors, coupied 


fact that sv »btained 


1 
adily ind ance 


tained more 


compu 


He indi 


us parts ol the system al with in 


tive way by human operators and 


managers 


not have a tull comprehension ot a systems ap] 
As a result, the optimization pattern looks rather broad 


with little apparent incentive to stay directly at the cen 
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ter. We are attacking the system optimization require 


ment by attempting to formulate the over-all problem 
with its interactions; quantitatively using the same feed 


back and dynamics techniques that are used for process 


control itself. In this way, the importance of the inte 


dependence of various parts of the system becomes a 


matter of fact rather than opinion 


\ second problem, somewhat re 


the common feeliu that processes canno 
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characterized by the equations that 
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ond, if we put this money into other developments in- 
stead, would we realize a higher return? The answer to 
both these questions usually involves opinion. Again, 
the approach must be to attempt analysis of the situa- 
tion quantitatively to reduce the opinion to fact 

Although there are many cases where existing plants 
will show clear justification for on-line computer in 
stallations, the real incentive will be in cutting capital 
investment by designing the basic process around com 
puting control possibilities, and, at the same time, main 
taining throughput and improving product quality 

The purpose of these comments was not to discourage 
the use of computers for process control, but rather to 
help bring computers into use sooner by facing the prob 
attack each one in a 


lems that exist, so that we may 


suitable way. 


DIGITAL COMPUTERS IN CONTROL SYSTEMS 


Dr. GRABBE POINTED OUT that computer usage is di- 
rected toward systems that are going to make industrial 
and military systems more completely automatic and 
that, in his opinion, the paths are leading unmistakably 
toward the greater use of digital computers. 

He stated that experience is being accumulated in the 
use of digital loggers, test data reduction systems, and 
military weapons systems. There are a number of joint 
ventures under way in which instrument and electronic 
companies are co-operating with industry in control 
system studies leading to the use of digital computers 
Iypical industries involved are steel, chemical, petro 
leum, and utilities. 

Now, 


techniques, a new order of computer reliability has been 


with the advent of solid-state and magnetic core 


attained. The digital computer has reached a develop 
ment stage at which many companies, both users and 
manufacturers, are giving serious consideration to digi- 
control of industrial 


tal computers for on-line 


proc 
esses. During the past 5 or 6 years, the number of busi 
ness computers in use has roughly tripled each vear. It 
remains to be seen whether a corresponding growth can 
be attained by computers for process control 

The usual improvements that are seen for digital 
computers are increased production, improved quality, 
A digi 


tal computer may also be used as a data logger or re- 


and reduced costs by optimizing process control 


corder. In this capacity, using its computing and storage 
ability, it can evaluate process techniques and analyze 
operations. The wide use of data loggers has come about 
as the result of the need of both engineering and man 
agement to know more about plant operations. A com- 


will not but will make 


dynamic analyses and print out results. If the system is 


puter logger only log data 
interrupted for any reason when it is back on-line, the 
computer can interpolate between the last stored value 
for a quantity and the new value to give an average 
value over the period of interruption. Such a technique 
would provide good values for quantities such as cumu 
lative production, material inputs, etc. For pilot plant 
operation, a computer-logger should speed up evalua- 


tion of process design characteristics. 
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As a controller, the computer can make multiple ad- 
justments for optimum contral. An output variable may 
be uncoupled when required. That is, it alone may be 
changed while other outputs are held fixed. In optimiz- 
ing, a computer system will adjust set points continu- 
ously for optimum control rather than operating at 
given set points. 

Many control engineers are doing systems engineering 
today on industrial processes. As a rule, such studies will 
not lead to computer control for the objectives are dif 
ferent. Such systems analysis set limits for the process 
that may encompass a large system at the outset but the 
trouble spots are soon isolated and the major effort 
goes toward dynamic analysis and corrections of difh 
culties in parts of the system. The control engineer di 
rects his efforts toward minimizing variations of a few 
variables about a selected operating point 

When computer control is considered, on the other 
hand, the system limits are not reduced although parts 
of the system may receive considerable attention. New 
operating levels that optimize performance are sought 
and are re-evaluated constantly, always keeping in view 
the over-all system objectives. 

In many cases, the control problem is such that hand 
How 


ever, such computations may be complicated and in 


computation and manual control would sufhce 


volve charts and nomographs. It is questionable whether 
the caliber of manpower required to do this computa 
tion on an around-the-<lock operation could be kept on 
such a job. Hence, computer control is the only alterna 
the 


tive to attain 


benefits of computing in control 
Dr. Grabbe predicted that in the next year industry 
will instal] two or three computers for initial computer 
application. He predicted that in the coming year, ex 
perience will be gained in the use of digital control sys 
tems, and will find many benefits that we cannot evalu 
ate and estimate in advance 
COMPL TER MANUFACTURER'S VIEW 
H. 1 


tems and modern feedback control systems have 


Marcy FEL1 that modern data processing sys 
grown 
out of separate pasts. It is now apparent, however, that 
data processing and feedback contro] systems are ap 
proaching, in many instances, single goals 

Apparently, there are a number of places where one 
can hope to expand the scope of feedback control by 
the application of certain types of computation. 

First, it seems that computers might be used eftec 
tively in the class of derived measurements. Here, the 
computer might be used to join the data from a number 
of primary measurements and compute quantity or 
quality of particular importance to control. There is, 
however, another important class of operation. In mod 
ern digital computers, memory is getting cheaper. The 
results of detailed analysis may, therefore, be taken from 
products over the years and stored in memory under 
known operating conditions. The computer, by various 
types of information cataloging techniques, would be 


able to refer to these data and get a first order approxi- 
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mation to the situation that presently exists without 
waiting for laboratory analysis. 

Another important application of computers and 
feedback control systems has to do with the concept of 
feed-forward. An example is in managing the process 
under some extremely large nonlinear transient condi- 
tions. The computer would take into account the proc- 
ess dynamics, saturation points in the process, and direct 
the process obeying the rules governing protection of the 
product and/or the safety of the plant. 

Where a process is subject to changing dynamic con- 
ditions, auto- and cross-correlation functions can be 
used to take note of this. Such a system could use a com- 
puter closely associated with it 

Marcy does not favor the use of a centralized com- 
puter for the purpose of controlling the dynamics of a 
complicated process plant. The reason for this is the 
need for providing standby operation of the plant in the 
No 


what degree of reliability is designed into this equip- 


event that the computer needs servicing matter 
ment, it is likely to be desirable to have standby opera 
tion. 

Those engaged in the use of computing equipment 
for data processing in industry are very much at- 
tracted to the concept of business management of vari- 
ous types of process operations. By careful application 
of some form of optimizing supervisory controls, taking 
nto account business needs and maximum profits, it 
would seem the computers could be a tremendous ad- 
junct to process control. Whether or not this needs to be 
done as a direct part of the operation 1S probably sub- 
ject to some question Certainly, many companies are 
now using computers to assist them in determining what 
products they should make from a particular mix of 
input. Simulation techniques are playing an important 
role in this. We can expect much more of this to be 
done as we learn more and more about the physical na- 


The 


control industry already uses much equipment originally 


ture of the processes we are attempting to control 


conceived for data processing in the field of data reduc- 
tion, data logging, displays, separation of reports, etc. 

Marcy felt that the primary obstacle in the use of 
computers in control systems to a great degree has been 
the definition of the problem to a sufficiently under- 
standable extent. People brought up in the school of 
feedback control systems underestimate the power of a 
computer to perform logical operations quite apart from 
the mathematical relationship of input and output 
variables. A great deal of understanding of the digital 
process will be necessary before we can completely capi- 
talize on the use of this class of equipment. We must not 
underestimate the problems of programming and the 
problems of properly applying numerical analysis tech- 
niques. The cost of learning how to use computers in 
process control will certainly be high, thus making it 
difficult to define a tangible profit. 

Marcy felt that computers of almost any reliability 
can be engineered, at a price, and that this situation can 
be expected to improve as more solid-state devices are 
employed. 
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DISCUSSION 


SPURRED ON by the foregoing panel member com- 
mentary, many interesting and thoughtful questions 
and ideas were contributed by the audience. 


Transducer Development Compared with Control 
ystems. David Spooner of Industrial Nucleonics Cor- 
poration felt that we might be held up in many cases 
by lack of transducer development. 

Moore replied in the afirmative. He agreed we need 
more reliable transducers. 

Grabbe noted that when analyzing systems with the 
idea of using computers for control, it was invariably 
found that there are new types of measuring instru 
ments that could be very useful. The advent of com 
puter control is going to be a big incentive for the in- 
strument field to come up with some new transducers 


for measurement and actuation 


Why High-Speed Control? James Pritchard of the 
Foxwell Co questioned the need for high-speed control 


in process control. He mentioned 


for instance, that the 
high forces incurred in rapidly opening or closing a 
large valve could cause trouble. To use the latent speed 
here would involve complete plant redesign. 

Dr. Ragazzini replied that fast control did not nec 
essarily mean shortest time control but instead it as 
sured optimum control of the plant variables 

James agreed that the real incentive is going to come 
when the plant is completely redesigned with the pos 
sible control functions in mind. He pointed out that in 
chemical process systems, system designers are proud of 
the fivwheel effect afforded by large inertias which make 


the svstems inherently more stable. These inertias can 


not be jockeyed around very much and in present plant 
design we cannot expect to do anything very sophis 


ticated 


Process Engineer Agrees. William Field from Union 
Carbide Chemicals Co. agreed wholeheartedly with the 
problems mentioned by James and went on to say that 
his company is using analog computers to study chemi 
cal processes. A very real problem is the way processes 
are designed; so many different people are involved in 
the design of the various portions Of a process that no 
one man has an over-all picture of the whole process 
For integrated computing control, the system must be 
looked at as a whole. 

During the discussion, Moore threw off his engineer's 
mantle and assumed that of a manager, pointing out 
that there are many other than strictly technical factors 
that can sometimes be used to convince management 
that they should utilize computing control. For ex- 
ample, reduced labor force requirements might permit 
a plant to be moved from a city with 20,000 population 
to one with 5,000 population, with attendant savings 
Conclusion: when trying to sell computing control to 
management, don’t overlook any of the related prob- 
lems. Make sure you take the over-all systems approach 
and note every gain possible whether directly connected 


with the controlled process or not. 
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Iron and Copper Loss Measurement in Transformers 


[:-R.SPECH! 
MEMBER AIEE 


ky IS HIGHLY DESIRABLE to improve the accu 
racy of measurement of transformer iron and coppet 


losses. Unless accurate measurements are available, it is 
difhcult to evaluate the benefit of modifications in proc- 
esses and constructions intended to reduce the winding 
ddy losses, stray losses in the tanks, and the iron loss. 
Y-delta 


measured 


It is usually assumed that the iron loss of a 
connected transtormer is the same whether 


from the Y or the delta side. Some recent tests made 
with a nonsinusoidal applied voltage showed difter- 
ences. The losses were greater measured from the delta 
side. However, the standard formulas! for correcting 
for voltage wave torm apply if the voltage is measured 
properly. The manner in which the harmonic voltages, 
principally the fifth and seventh, combine with the 
fundamental voltage results in the line-to-line voltage 
wave form being different from the line-to-neutral wave 


The 


rectifier voltmeter, may not be equal to \/3 times the 


form. line-to-line voltage, as measured with a 
line-to-neutral voltage. 

The standard method! for correcting iron loss for the 
effect of voltage wave form essentially requires that the 
peak flux in the core be measured, which is proportion- 
al to the rectifier voltmeter reading on a winding about 
the particular flux of interest. For the Y-connected 
winding, measuring the voltage from line to neutral is 
basically correct. Inasmuch as there is no simple rela 
tion between the line-to-line and line-to-neutral rectifier 
voltmeter voltages, the Y-winding line-to-neutral volt 
age desired should be measured directly. If the trans- 
former neutral is not available, a Y-delta potential 
transformer may be used. for a delta-connected wind- 
ing, the voltage should be measured from line to line; 
not from line to neutral. 

Most engineers understand the errors that result from 
instrument transformer phase-angle errors, meter phase- 
angle errors, and the meter magnitude errors on single- 


phase copper-loss measurements, but there is less under- 
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PERCENT PROBABLE ERROR 


L. B. RADEMACHER 
MEMBER AIEE 


H. R. MOORE 
ASSOCIATE MEMBER AIEE 


standing of the errors in 3-phase measurements and the 
probable error in measurements after all possible cor 
recuons have been made. These problems are greate1 
in large power transformers, because of the low power! 


factor. The probable error resulting trom several inde- 


pendent probable errors is \ e,* o> ok. 2. ok 


An analysis based on a 25°, power factor, 125-watt 


wattmeter showed that the probable error would be 


( 


5.9°,, with a 1°, power factor single-phase load 

The inductronic product resolver made by the Wes 
ton Electrical Instrument Corporation improves the 
accuracy of low power factor measurements because It 
has a low phase-angle error and because different scales 
deflections at low 


can be used to obtain large 


factors. At I‘ 


powe! 
© power factor, the probable error is 4.8 

\ power factor bridge has been developed for accu- 
rate measurement of low power factor losses. Accurate 
components are used in this circuit so that the power 
factor of low power factor transformers is measured 


The National 


ured a power factor of 0.02165 on an experimental re 


accurately Sureau of Standards meas 


actor,? and a reading of 0.02172 was obtained with the 
power factor bridge. The probable error at 1° power 
factor is 1.5°. 

An analysis of the 2-wattmeter method for measuring 
3-phase losses showed that the probable error is 13.8° 


at 19 The 


caused by the two readings being close 


‘ 
power factor. large error is principally 
together at low 
power factors so that a small error becomes significant 
his method should not be used to measure low power 
factor losses. 

Single-phase methods can be used to measure 3-phase 
power by using one instrument per phase. The prob 
able error is then the square root of the squares of the 
individual errors. Fig. | shows the comparison of the 
different methods for measuring 3-phase losses. 

Ihe data presented is necessarily approximate, but 
Fig. | shows that large errors can result if some methods 


The 


method to be used for measuring losses in large power 


are used for low power factor measurements. 


transformers must be carefully selected to prevent large 
errors. 
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Fig. 1. Comparison of probable errors for the different methods of 
measuring losses in 3-phase circuits. 
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Limiting Values of Impedances and Transfer Functions 


SHELDON JONES 
ASSOCIATE MEMBER 


.. DESIGNING electrical circuits it is often im por- 
tant to know the bounds of the magnitude and phase 
of impedance networks. For example, it is necessary to 
know impedance variations when designing devices to 
The effect of 
and phase of transfer functions is particularly important 


drive these networks variations on gain 


in closed loop servo systems for stability considerations 


A method is suggested which will determine precisely 


the effect of component tolerances and fre quency Varia 
tions on the magnitude and phase of transfer functions 


Conversely, allowable tolerances can be set on these 
quantities 

The method consists of finding a set ot equations that 
define the bounds of the impedance or transfer function 
due to These 


mapping tec nnique 


circuit tolerances equations are deter 


mined by a conforma using the 
limiting values of the component as established by the 


This 


which define the limit ng Cases each 


tolerance always results in a set of equations 
individual equa 
tion describes a line or I and these lines or circles 
form a closed region variation of 
mpedance or transie! 


The 


shown in Fig. | 


method is illustrated | ission of the circuit 


Equation | lesct s the input admit 


tance of the circu trequency 


1 


sinusoidal 


ing the 


components 
assume the limiting values, a set of equations is obtained 
that determines the limit on. the admittance 


variation. A 1/Z 


will vield 


input 


transformation® of these equations 


1 $et of equ it h est ablishe 5 tl € bounds 


m the impedance variation « he circuit of Fig. 1. A 


Fig. 1 
~ ample, with parallel tuned circuit 


Driving point impedance ex- 


typical example of the impedance bounds established 
by this method is shown in Fig. 2. 

The effect of frequency variations can be evaluated 
by considering the impedance variation of the frequency 


May 1958 


Jones—Limiting Values of Impedances and Transfer Functions 


This 
evaluating networks at carrier frequencies 
of information found in Bode 


dependent elements method could be used in 
The method 
does not give the type 
plots; however, it might be useful in evaluating the ef 
fect of component variations at some point such as the 


notch frequency of a twin tee network. 
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Fig. 2. Example of input impedance variation with tolerances of the 
circuit shown in Fig. 1 


wrt has been devoted 


task i and evaluating the 


mponent toler: is believed that two valid 


ments can be mad mcerning the proposed 


Phe 


on transfer functions and driving point impedances can 


effect of component and frequency variations 


be established within precise bounds 


Che 


circult 


method is superior to the practice of varying 


a few parameters at random and considering 


this a complete evaluation of circuit tolerances 


Limited 


ster mctions due to ¢ 


Values riving Point Impedances an 
F omponent Variat recommended bv the 
Feedback Contro! Svstems Committee nd yproved by the AIEEF 


AIEE Winter 
i t publica 


AIEF 
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General Meeting. New York, N. Y., Feb. 2-7 
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An Ideal Electrical Layout 
for a Textile Mill 


M 


Numerous factors applicable to the design of an 

electric system for a textile mill are discussed. 

In order to achieve an “ideal” layout, the design 

engineer should take advantage of new equip- 

ment and ideas which have been tested and 
shown to be of value. 


N THE DESIGN of 


constant effort towart 


electrical lavouts, there iS a 


1 1m} 


provement coupled with a 


desire to obtain improvements at less Cost o1 with no 


ise in cost. The value of new materials is continu 


being checked, and the application of new 


nt and new ideas are constantly being studied and 


aluated. Things new will alwavs offer the greatest 


mpportunities tor progress and for failure It as proper, 


that caution be exercised in initiating the use of 


then 


ew things: but we must stand ready to them 


mt 
— iccep 


them, and improve them when their value has 


established 


is the intent of this article to point up some 


id 


which, it is thought, have h: their value 
1 It is hoped that these things will suppleme 
ind augment our electrical designs and that some oO 


shackles will 


very 


be loosened by them Experience to 


has been encouraging 


FACTORS 


IN DEVELOPING this “ideal el lavout”’ for a tex 


le mill, the definition of the we is taken t 


something very desirable any ele 


system can be term which provides 


quately for the following 


1. Safety to personnel and equipment 


Uninte rrupted prod ction 
] 


- 
1OvV 


Long life 


Over-all 


an maintenance cost of equipn 


economy in textile mill operation 


Flexibility for possible plant changes. 
] 


Capacity for load tl 


oTOWLN 
Provision for future plant expansion, 


Good voltage regulat 


Q. Good 


lon 
lighting 


} t 
ici¢ 1LUTeS 


req 


Even 


To provide quately r the fe 


uations 


different installations tor differ 
areas usually require v; 


the AIEF 
Recomme 
f the 


lextile Elec 


tree 


with Lockwood Greene Engineers, Inc 


“elde .) 


AIFE General 
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Textile Mill Electrical Layout 


electrical basis 


iations in the electrical design to be on a comparable 
Climatic and geological conditions, the 


source of electrical energy, and the technical ability of 


the operating and maintenance personnel are all impor 


tant factors in selecting the features and components of 


an electrical design. The dependability and nearness of 


electrical contractors and electrical supply 


COMmMpanhies 


exert an influence upon electrical design 


On reviewing some of these factors which 


necessitate 


variations of design identical mills producing identi 


in 


cal goods, it is re 1 


adily understandable that the varia 


} 


tl an be multiplied many times over when compa 


ing mills of different size and different physical lavout 


producing different types of textiles 
The for 


usually 


, . ewe 
electrica XtHe mill are 


le SS de mand ng 


require ments 


than th some of the con 


OS 


tinUOUS-process electrical in 


stallation can be Even so, the 


reliability of the te le muill’s system will closely 


X Electrical 


considered a trit 


proac h the most comple 


industry. This can be accom 


plishments of the manufacturers of electrical materi 


Present-day switchgear, transformers. and cables are 


sple ndid testimonials to the ice tow ird re lia 


progress m 


2 


bility and safety. Be luction and test 


tter methods of proc 
ing, in conjunction with improved designs, have 


whi h 


given 


us equipment in our tull confidence 1s almost 


always justified 


This hypothetical textile mill ts assumed to_ be 


1.000-loom cotton mill on print goods without finishing 


is of slab-on-grade construction having steel frame 


one-story design with 300,000 square feet of 


is 400 feet wide by 750 teet iong 


containin warehouse opening and pick 


{ 


aging } 


space 
Vall) ion, Wwe 


I 


ing, Cal preparal iving, I! 


spection, and cioth warehouse 
facilities 


This 


transmis 


s mill does not have power generation 


but it is served by the in the area 
night 


sion lines serving tl 


ot 


pow I comp iny 


make it desirable to have two separate 


with one as stand-by 


i¢ pl int load 


event failure of the other. Each transmission line 


] 


could serve 


in 


a separate power transformer which would 


in turn, serve one primary selective system through 


1 switchgeal 
} 


Schnee i€¢ 


ol design could 1 developed 


I 
substations and secondary 


uugh the unit 


| here 


features 


tii 


feeder systems are occasions when some, or 


pel 


haps all, of these are merited by the electrical 


needs of a textile plant. However, because of the splen 
did record of service continuity which most power com 
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panies can show their lines to have, because of the ex- 
tremely low failure rate in liquid-cooled transformers of 
only | in 1,500 transformer-years, and because of the 
low failure rate in plant primary cables of only | per 
mile per 100 service-years, we are fortunate in not often 


[his 


combined result of de 


having to invest in expensive duplicate equipment 
g 


high degree of reliability is the 


pendable quality in manufacturing and improved tech 
niques of installation 


Taking advantage of this ex perience record, we can 


eliminate one of the aforementioned transmission lines 


one of the power transformers with its associated metal 


lad switchgear, and the primary selective 
ivoid the ar Varn sometimes caused 
outages of an ous nature 
stallation 
important I ircult | icularl those 
unattended tioning arm 
tion equipme! 
In this id 


vould have load rat trol t the maintenance 


transtorme! 


voltage within very close limi ecause the anu 
5 000 kva. the 


kva 


pated powel l ind I rl ial ‘ 
{ 


power transformer 7,300 capacity to 


rovide 


To 


drop be tween 


I 
the transformer 


substation 


would a ited on the m 


The transform protected on its primary 


vith station-t rresters and would pres nt 


against |! rh ling ITrges For added Sa 


i buffer 


magne-vaive t lightning arresters would be 


nected to circuit breakers servin 
mary feed 
1 | | 

[wo powe! al i t breakers of 1,200 amperes con 


duty and 50 mva 
circuits to the mill 


13.2-kv 
1} 


power circuit breakers would be inst 


luty would 


hese 


tinuous interrupung ( 


serve two feeder 


an outdoor 


cei 
alled as 


switchgear unit with provision for adding future cir- 


o 
4 


cuits. Metering to indicate total amperes, volts, and 


kilowatts would be provided for this primary switch 


gear. The current in outgoing feeders would also be 


and meter would give infor- 


to schedule 


metered. A recording den 


mation from which heavy electric loads 


GROUNDING 


THE POWER TRANSFORMER would have a main ground 


network interconnected by not less than 4/0 copper 


conductor and would provide a maximum ground re- 


sistance of not more than | ohm. All ground connec 


tions would be cad-welded. To this station ground 


would be solidly connected all lightning arrester 


grounds at the substation, all steel columns of the super- 
transformer tank 


structure, and the 


A separate grounding system would be located re- 
motely from the main substation ground network, pref- 
erably more than 50 feet away. All ground wires of the 
outgoing feeder circuits would be solidly connected to 
this ground through the switchgear ground bus. The 
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secondary neutral of the main transformer would be 
connected to this ground through a resistor. The resist- 
ance of the ground would be not more than | ohm 
Also connected to this ground by 4/0 bare copper cable 


grounding network, buried at least 18 


around the 


would be the 


inches below grade perimeter of the build 


ing, extending to some interior columns and to all unit 


substations. Grounding electrodes every 200 feet around 


the building and at each unit substation would be con 


nected to this network I hese electrodes would each 


not more than 5 ohms resistance. Ihe steel struc- 


he building would be bonded to this grounding 


irequen would also 


ctions 


to the piping at onve 


tions 


lo CONVEY POWER 


ctwavs would provi 


niii—two 
» Nave spare 


ninations to taciilit 
DOW ET tt 
underground power f o¢ 
UNUCTYTOUTIG powe! ict 


minal junction box 


f interlocked art 
Bevond this point 


} : a 
distribution would be I 


accomplished 


> } } | = }, . 7 

} O interlocked armored cable having 
Punts 
Buty! 


no. 3 bare copper ground wir 


uctor 


ungrounded-neutral insulated conduct 


Ss would 
interstices of the cable. All no 


solidly bonded to the air terminal 


} 


the 3/0 ground wires in the unde 


the main switchgear. The cable support racks and 


the interlocked armor of the cable would be aluminum 
Connecting sections of racks would be bolte to aftord 
] 


i good supplementary 


with the racks solidly grounded to the air terminal 


urrents 


sround path for 


box 


SUBSTATIONS 


THERE WOULD BE six unit substations of 1,000 kva 
each. Each primary feeder would serve three substations 
Provisions would exist to loop through the last unit 


substation on each circuit for service to a future fourth 
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the unit substation 


or" 


would be connected for 480 Y/277 


unit substation. Secondaries of 
volts. The neutral 
would be solidly grounded to the switchgear ground bus 
which, in turn, would be grounded to the unit substa- 
tion grounding electrodes. All ground connections of 
feeders, ground bus, and grounding network would be 
joined at each unit substation. 

Each unit substation would have a primary discon- 
nect switch with power fuses. The switch would be key 
interlocked with the secondary main air circuit breaker, 
and the fuse compartment would be key interlocked 
with the interrupter switch. The incoming line section 
would provide ample space in the air-filled compartment 


for the installation of full-sized stress cones. The trans- 


former would be an askarel-filled type with four 214% 
rated kva taps in the high-voltage winding. The maxi- 


mum asymmetrical fault current on the secondary 
winding would be approximately 32,000 rms amperes 
including motor contribution. All secondary air circuit 
breakers would be metal-clad draw-out type, triple-pole 
single-throw, electrically operated with control switches, 
and would have instantaneous and time overcurrent 
trips. The main secondary breaker would be rated 1,600 
amperes continuous at 600 volts, and have an interrupt 
ing rating of 60,000 rms amperes at 480 volts. All fully 
rated feeders, 600 amperes and below, would have inter 
rupting ratings of 35,000 rms amperes at 480 volts. In 
general, all feeder circuits would be of 400-ampere ca- 
pacity or less. Exceptions would be feeder circuits serv 
ing large refrigeration motors for the air-conditioning 
systems 

The 
plug-in bus duct and interlocked armored cable wher- 


A half 


bare copper ground wires in the interstices of the inter- 


secondary power distribution would utilize 


ever feasible. neutral bus in the bus duct and 


locked armored cable would serve as positive equipment 


erounds. A continuous grounding conductor would con- 


nect each motor frame and metal enclosure to the 


ground bus. 
All fluorescent lighting would be served directly from 
the 480 Y¥ 


for this purpose. Equipment ground wires, separate 


277-volt system with the neutral brought out 


from the neutrals, would connect all lighting fixtures 
and panel boxes to the ground bus. Each fluorescent 
lamp ballast would be protected by an individual fuse 
nounted in the fixture housing. 

Color coding of conductors would be used throughout 
the mill. Red, blue, and black would identify the phase 
legs, white would identify the neutral, and green or bare 
copper would identify the grounding conductor. Except 
where short runs of small conductors might be involved, 
no conductor would be subjected to fault currents which 
would damage the insulation. 

No motor starter, switch, device, or bus duct would 
be subjected to fault currents in excess of its rating. 
Where the fault current magnitudes had not been sufh- 
ciently reduced by the length of feeder and branch cir- 
cuits, current-limiting fuses would be employed to pro- 


tect the equipment or conductor. Where precautions 


might be necessary to avoid possible single-phasing, 
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combination circuit breakers and current-limiting fuses 
would be employed. The circuit breaker would handle 
faults within its rating and would interrupt all three 
phases if the current-limiting fuses were called upon to 
interrupt faults above the breaker rating 

In general, conductor sizes would be selected to allow 
more than the minimum National Electrical Code re- 
quirements. Except where conduit runs are short and 
quite straight, the conduit sizes would be selected to 
give greater than minimum requirements. To illustrate, 
a motor having a full-load current of 15 amperes would 
be served by no. 10 conductors in lieu of no. 12. With 
four no. 10 conductors required, including the ground 
wire, a l-inch conduit would be used in lieu of a 3/4 


inch conduit, unless the run was short and straight 
Standardization of conductor sizes would be used to the 
optimum economic advantage and to reduce the sizes 
and types of conductors required in replacement stocks 
Type SO cord would be used extensively for short con 
nections between motor starters and motors 

Except where standardization suggests that it should 
be otherwise, main feeder circuits overhead might be 
VC, RH-RW, or RHW. Where several feeders are run 
adjacent, the use oi interlocked armored cable would be 
commonly used. Where feeder circuits or motor circuits 
of more than 400 amperes are required, parallel con 
be used. Parallel conductors would be 


ductors would 


derated approximately 10°, in capacity to allow for 
The RHW 
tion would have a neoprene jacket to resist oil. All 
rw 


In areas subject to frequent fire damage, such as the 


unbalance in current distribution insula 


insulated ground wires would be of insulation 
picker room lint filters, silicone-insulated conductors 
with glass-fiber or asbestos braid in conduit would be 
used to minimize likelihood of damage to the insula 
tion. Silicone-insulated conductors would also be used 
ambient high, such as 


wherevet temperatures are 


around the slashers and in the boiler room 

The opening and picking areas would be served by 
motor control center installations of dust-tight con- 
struction. 

Card starters with reversing features would be served 
by type RHW insulated wire in underfloor conduit with 
a TW insulated ground wire. Except where impractical, 
all splices would be made in boxes above the floor level 
All starters and switches would be enclosed in NEMA 
(National Electrical 


12, or better, boxes. Other carding and spinning ma- 


Manufacturers Association) type 
chinery would be served in a similar manner. 
Winding, quilling, spooling, warping, slashing, and 
tying in would utilize wiring from overhead wherever 
possible. Bus-drop cable and type SO cord would be 
used from overhead where conduit is not required. 
Where conduit is required, type RHW would be used 
for standardization purposes and because of its good 
qualities. The cloth room would be wired similarly. 
Inasmuch as this would be a new mill with wide col- 
umn spacing, the use of column-mounted loom switches 
would not be too feasible. To make this installation 
ideal, we would like to see a new loom switch developed 
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which would be suitable for mounting directly on the 
motor bracket of the loom. It would be vibration-damp- 
ened, be completely sealed, and have stab-on contacts 
The female connector of the stationary mounting unit 
would be served by an SO cord connected to a twist-lock 
receptac le beneath the loom. Plastic-coated panels, con 
duit, and devices in the weave room would assure max 
imum life expectancy in the high humidity. Fusible dis 
tribution panels with high-current-interrupting switches 
would serve the 30 ampere loom circuits of eight or nine 
10 RHW conductors in under 


Each distribution panel would have 18 


looms each through no 
floor conduit 
active circuits and two spare circuits. The panels would 
be served by 250-MCM VC con 


ductors from electrically operated 600-ampere circuit 


the 


(thousand-circular-mil 


breakers in respective substation. A remote push 
desired 


breaker 


button at each panel and paralleled at 


j 


] 
would ¢ 


any 


common location ontrol the circuit 


operation 


LIGHTING 


EXCEPT FOR SPECIAL REQUIREMENTS, all lighting would 


} 


bye rapid-start fluorescent or slimline 


would be 277 volts 


Ballast voltage 


and service would be directly trom 


the 480 Y/277-volt distribution system through current 


liwy ‘ fay 
limiting luses 


volt aircuit breaker panels 


Single-pole circuit akers for lighting circuits would 


be rated for 10,000 interrupting duty 


The lighting layout would emphasize concentrating 


rht on the workin vith illumination a 


Ot 


y is eneral 
secondary Ithoug!l til important, consideration 


course some weaving, would have 


There 


unitorn 


general illumination no con 


sharp 


trasts in illumination either verti 


illy or horizontally upward com 


: " } ] 
conjunction witl it r light colored 


ments in 
linimum 


lain-enamel reflectors would be standard, and in 


, , ; 
humidity areas the channels would also have por 
I 


enamel Ballasts and sockets of all fix- 


s would be ot the 


lain surtaces 
ture 


Li 


ircuit breaker panel 


very best quality 


hting circuits would be swit 


y 
located in th 


However! > eS lected 1 


number ehts would 


rolled remotely to permit the watchman or 


ilk through the plant during shut down 


turning lig! 
iving. En 


iounted on 


on when entering a room and off when le 


lights, battery would be n 


and walls throughout 


gency operated 


columns the 


plant to illuminate 


; 


th occasion ot a 


ie exits and paths of eg mn 


powel 
} 


vould 


vered 


failure. Battery « constructed of stainless 


ises 


steel. or be rubber ce o prevent acid damage 


Power for convenience outlets. incandescent lamps, 


small appliances, et would be furnished by 3-phase 


dry-type transformers connected 480 volts delta on the 


primary, and 120/208 volts Y on the secondary with four 


fully rated 214° 


taps. Convenience outlets would all be 


of the grounding type. They would be located on each 


column and at reasonable intervals on each wall 
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Power outlet receptacles at 208 volts and 480 volts 
would be provided as required for the portable tools 
welders, and cleaning equipment. 

Unit substations would provide metering for volts 
amperes, and killowatts with the current in at least one 
phase of each feeder circuit metered. 

When required for power factor correction, capacitors 
switched with the individual motors would be installed 
whereve1 prac tical. For economic reasons, capac itors for 
loom circuits would be installed at the distribution 
panel 

When 


inertia loads across-the-line, shunt reactors in the motor 


starting large centrifugal fans or other high 


starters or low starting current motor designs would bi 


used 
Not previously mentioned, but not to be overlooked 


is the use of best quality conduit, fittings, tapes, con 


nectors, boxes, and other components required to com 


plete every electric system, as well as good workmanship 


so necessary for even the best of equipment and ma 


terial to perform correctly and to trouble-free 


vive 


Serv ice There is even one careless splice 


or one loose ! n i ideal electrical layout 


CONCLUSION 


oes it imply that 
With 


mnec 


the 
rT ¢ 
different 


there will continue 


electrical instal 
ys which should rightly be med “ideal.” Son 
owever, if 


ippea®’rs that most. if not all, of the feature described 


features will, of course, remain basi 


vill become increasingly commonplace in the textile 


ndustry 





Elevator Test System 


\ cont 


elev 


inuing check on the performance 


jaintained in a 


Westinghouse Electric 


itors is ni test tower DV the 
Division of 


City, N. ] 


lest data on 


( orporation 


venerator voltage. _ and rel 


ire accurately recorded inalvsis 


] 


portable recording system, manufactured 


Instruments, Division of Clevite 


land, Ohio 


( orporati 


Tests are run a predetermined operatin 
i 


against 
} 


commana 


\* 


norm o1 operation. As the elevator starts 


a “command” pattern is traced on one channel, while 
record actual 


how much 


other channels simultaneously perform 


ance data. Instant or later comparison shows 
trom 


actual performance data varies, if at all, preset 


figures 





Magnetic Materials in Ultrahigh 


Temperature Electronic Transformers 


H. B 


HARMS 


ASSOCIATE MEMBER AIEE 


Equipment and components to be used in mod- 
ern aircraft and missiles must be capable of 
operating at extremely high temperatures. Ex- 
perimental work has been performed to de- 
termine quantitatively the effects of temperature 
on magnetic materials, in order to obtain data 
which will be valuable in the design of plate 
and filament transformers and reactors. 


HE VERY HIGH TEMPERATURES 


expected to be encountered in aircraft and mis- 


that are 


siles are presenting unusual problems to the de 


signers ot electron equipment and components Iwo 


been suggested are (1) to introduce 


solutions that have 


more cooling capacity to maintain the equipment at a 


safe maximum operating temperature, and *) to use 


parts and processes that are inherently temperature 


Fig. 1. Group of El punched lamination (1-inch center leg 
width) magnetic test specimens mounted in place for elevated 


temperature tests 


tolerant over a wide temperature range. If the latter 
approach is taken, the component designer must make a 
major development contribution to extend successfully 
the ambient temperature rating of his device from a 
present day 200 C maximum to a value expected to be 
as high as 500 C. 

Phe U.S. Air Force is sponsoring the deve lopme nt of 
electronic power transformers that will be capable of 
withstanding a 500 C ambient temperature as well as 
the other adverse environments to which military equip- 
ment is normally exposed. One important material used 
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in transformers and for which the designer requires 


exact knowledge is the iron core. It is known to have 


temperature-dependent properties. The purpose of this 
article is to describe the experimental work performed 
as one phase of the development to determine quanti 
tatively the effect of temperature on magnetic materials 
Properties pertinent to power transformers are core loss 
excitation, and incremental permeability. These wer 
measured on a grain-oriented silicon iron at several flux 
densities and at tour different temperatures up to 550 ¢ 

to obtain basic data that are expected to be useful in 
the design of plate and filament transformers and reac 

tors 


MATERIALS SURVEY 


FIVE GENERAL TYPES of steels are known to retain ther 
magnetic characteristics at te mperatures as high as 600 ¢ 
These are low-carbon steel, powdered iron, silicon steel 
grain-oriented silicon steel, and cobalt iron. Of these 
grain-oriented silicon steel was selected for evaluation 
because of its well-known superior performance for 
normal commercial and military applications, its avail 
ability and low cost, and its long-accumulated processing 
background. Although cobalt iron surpasses it in Curie 
(740 C as opposed to GOO ¢ 


flux 


temperature )} and in room 


temperature saturation density (15 kilogausses as 


opposed to 20 kilogausses), it is 20 times as costly and 
has uncertain processing problems associated with it 
The complete designation of the silicon steel evalu 
AISI-M6 grain-oriented 314°; steel. A 
0.010-inch the 


templated 100 cvcle pel second 


ated is silicon 


thickness was used because of con 


cps) frequency appli 
cation. The material was supplied in strip form with a 
thin film of high-temperature insulative coating on each 
side. It was then punched into the desired shape and 


given a standard 1,115 C pure dry hydrogen anneal 
PEST CONDITIONS 


Me asured 


indications of 


Properties Exciting current and core loss 


fundamental the condition of magnet 


materials, were measured at 400-cps frequency as a 


Full text of paper 38-209 of Magnetic Materials 


Tras 


An Experimental Study 
Ultrahigh Ten 
AIFE Electronics 


Operations De 


formers recom 
and approved by the AIEF 
presentation at the AIFF Winter 
Feb. 2-7 Scheduled for publica 
1958 


Electronics 


or Use in perature Electronic 


mended by the Committee 


Technical vartment for 
General Meeting, New York, N. Y 
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function of flux density at four different temperatures: 
30 C, 250 C, 400 C, and 550 C. Measurements were made 
approximately 4 hours after exposure to the desired 
Data 
reactors were also obtained at these four temperatures 
25, 1,000, and 5,000 


gausses. Aging tests were made in addition to the short 


temperature. suitable for use in the design of 


and at three a-c flux density values 


time tests to determine the effect of exposure of the 
material to a 550 C temperature for 1,000 hours. The 
effect was measured by observing the core loss and 
excitation, initially, at 300 hours, at 600 hours, and at 


1,000 hours 


Test Specimens. The 0.010-inch grain-oriented strip 
material was punched into several sizes of UI and El 
lamination shapes. These were then stacked into coils 
specially designed for each size. A stack height of ap- 
The 


Ihe sheet and spool 


proximately 114 times the leg width used 


was 
coils were of standard construction 
insulation was composed of mica paper, and a glass 
fiber was used for the wire insulation. The secondary 
winding was wound on first and the primary on top of 
it. The wire for the secondary in all samples was 0.0126- 
inch nickel-clad copper; the largest diameter aluminum 
wire that could be fitted into the space available for 
the coil was used for the primary. In this way, the coil 
copper losses were maintained at a negligible value. The 
leads were made long enough to pass through the test 
furnace door to eliminate junction point problems. Six 
samples of each core size with their associated coils were 
evaluated. Representative specimens in place for the 


The 


number of samples was reduced to two and to a single 


elevated temperature tests are shown in Fig. I. 


lamination size for the reactor design data tests. Lami 
nation sizes for the core loss and excitation tests covered 
the width range for the major leg from 3% to 11% inches 


in 14-inch increments 


Test Procedure. Core-loss and data 
were obtained with the use of the circuit in Fig. 2. The 
The 


induced voltage from which the flux density was calcu- 
lated 


exciting-current 
flux density was controlled with the input voltage 


was measured with a calibrated rectifer volt- 


























Fig. 2. Test circvit for core loss and excitation tests. Instruments are (1) 
thermocouple ammeter, (2) light beam wattmeter, (3) rectifier volt- 


meter, and (4) oscilloscope. 
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Fig. 3. Typical reactor design curve. 





Harms—Magnetic Materials in Electronic Transformers 


oc 
SOURCE 





STANDARO 


col 
COIL Ly 














Fig. 4. Test circuit for reactor design dota tests 


meter placed across the secondary leads. At each flux 


density setting, the input current, watts, and output 
voltage were read. Six to eight flux-density settings were 
used for each core over a range of 20 to 110 kilolines 
Data 


analyzed and plotted as core loss in watts per pound and 


per square inch obtained in this manner were 


excitation in ampere-turns per inch as a function of 
flux density and temperature 

for the design of usually 
plotted as LI*/V vs NI/l. where 


Data suitable reactors are 


L = inductance, henries 


1 = d-c current flowing in the reactor circuit. amperes 


V = core volume 
N = number of reactor coil turns 


= mean length of magnetic circuit, centimeters 


wo parameters are a-c flux density and the ratio of 


air gap to mean length of magnetic circuit a where 


= total air gap length, centimeters 


Data are obtained for a given air gap ratio and a-c flux 
density by varying the d-c current. The larger the air 
gap ratio, the higher the d-c current (NIJ/l) required to 
reach a maximum L/?/V. Fig. 3 illustrates the type of 


raw data obtained. The envelope of the individual 


2 


curves is then drawn (the dashed curve in Fig. 3) and 
transverse marks placed on it at the tangent points to 
locate specific a/1 values. It is this latter curve that is 
used for the design of reactors. 

The circuit used to obtain the reactor design data is 


shown in Fig. 4. In this circuit, R is adjusted to give 


409 





equal voltage drops across itself and L. The alternating 
voltage and direct current are held constant during this 
these conditions, the inductance L is 


operation Under 


calculated from 


where 


iInknowr’r 


KnOwn alr ¢ luctance,. henries 
Ad appl eq tree 
ohms 


= measured vaiue of resistance 


ith L now known, the curves in Fig. 3 can be plotted 


DATA ANALYSIS 
Core Data I he 


statistically analyzed with the aid of a digital computer 


Loss and Excitation raw data were 


program. By means of this program, they were first 


converted to watts per pound, ampere-turns, and 


flux density. A curve of best fit for a given core size and 


property was then determined by trying successively 


higher order polynominal equations until the 5° 


point of the “F 


c 


distribution test’ could be satisfied. 


Flux density was used as the independent variable. Con- 
fidence limits at 99.9°, were finally determined, and 
this and the average value were printed out at flux-den- 
sity points from 30 through 110 kilolines per square 
inch at intervals of 10 kilolines per square inch. 

The core loss and excitation data as read from the 
computer program are plotted in Figs. 5 and 6 as a 
function of temperature with flux density as an ad- 
justable parameter for particular UI lamination shape 
leg widths. The 34-inch width selected fitted approx- 
imately midway in the size range tested. Further analvsis 
showed that data from the other lamination sizes were 
similar to these although displaced in an orderly pat- 
tern depending on size and, in the case of the excitation, 


on the flux density. Simple correction factors, therefore, 


make the one set of data applicable tor all the other 
sizes. These correction factors have been included in the 


curves of Figs. 5 and 6. 


Reactor Design Data 
cording to the 


These data were plotted ac- 
5 for 


The ave rage envelope curve was then 


scheme illustrated in Fig each of 


the two samples 
drawn tor each a-c flux density and temperature condi 
tion. The analyzed data are plotted in Figs. 7 through 
9. Each graph is for a different a-c flux density while 


The 


been omitted 


temperature ts used for the paramete! transverse 


gap ratio marks as used in Fig. 3 have 
They have been replaced by a new curve, Fig. 10, of 
a/l vs NI/I, 


way of determining the air gap required for a 


which is a more accurate and a simpler 
given 


d-c current bias. 


DATA INTERPRETATION 


( ore Loss 


Mayor ¢ hange Ss 


The 


magnetic 


and Excitation. data reflect three 


that occur in steel when the 


temperature its increased. These are: 


1. The electrical resistivity increases. This gives rise 


to lower eddy currents and, so, a lower core loss 
2. Within 


permeability increases. The lower excitation values at 


the saturation limits of the material, the 


approximately 50 kilolines per square inch induction 


and smalier, shown in Fig. 6, are a direct outcome. 


3. The 


comes saturated gradually decreases until at the Cure 


flux density value at which the material be- 
tem pe rature, approximately 740 C for silicon steel, it is 
totally nonmagnetic. The substantially higher excitation 
values at 50 kilolines per square inch induction and 


greater in Fig. 6 emphasize this tendency 


550 C 


its room temperature value for each of the lamination 


The core loss at is reduced to about 60% of 


shapes considered. According to the data, this per-cent 


change is not a function of flux density. Lamination 
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Fig. 5. Core loss as a function of temperature and flux density for UI 


leminations, stacked in oan_ interleaved alternate groups-of-four 


crrangement. 
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Fig. 6. Excitation as a function of temperature and flux density for UI 
laminations, stacked in an interleaved alternate groups-of-four 
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Fig. 9. Reactor design 
curves for 5,000- 
gauss a-c flux density. 


Fig. 7. Reactor design 
curves for 25-gavuss 
a-c flux density 
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Fig. 10. Curves to 
determine gap length 
for reactor designs 
Data are applicable 
for any a-<« flux den- 
sity vp te 5,000 


gousses. 


Fig. 8. Reactor design 
curves for 1,000- 
gouss o-c flux density 
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size, however, is a variable, with the losses per pound 
decre asing as size or we ight is increased 


The excitation requirements at 550 C, on the other 30°C AT 24 HOURS 
hand, are a function of flux density. They are 75° of 
those required at room temperature for 30 kilolines per 30°C AT 1000 HOURS 


square inch induction and increase to approximately 


200%, at 106 kilolines per square inch. The flux density, 

for which there is no change throughout the tempera- Fig. 11. Effect of 1,- 
50 and 60 kilo- 000-hour aging pe- 

riod on core loss for 

13/16-inch leg width 

the excitation decreasing as size or weight is increased. yi punched lomi- 


ture range, is estimated to be between 


lines per square inch. Lamination size is a variable with 


noted stack 
Reactor Design Data. Temperature and induction ef- 
fects on the material are reflected in these data in the 


same manner as was observed with the core loss and 


550°C AT 24 HOURS 


CORE LOSS, WATTS 


excitation data. For a given temperature, the permeabil- 
itv of the iron increases with flux density to a maximum 
until saturation starts setting in. Thereafter, the per- . 
meability slowly drops off to zero. Superimposed is the 550°C AT 1000 HOURS 


effect of temperature, which produces higher permeabil- 





ities at the low flux densities but causes saturation to 
occur sooner, thus causing correspondingly lower per- — 30 40 5060 80100 0180 
meability values to take place at the high flux densities FLUX DENSITY, K#/in*® 
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Fig. 12. Effect of 1,000-hour aging period on excitation for 13/16-inch 


leg width UI punched laminated stack 


Heat aging tests were pertormed 


determine the effect 


lamination size to 
le Exposure, approximate 1.000 hours. to ; 


| 


C temperature. It was observed in one of the te 
I 


the interlamination insulation, as evidenced by 


} j t wrath ] 
had deteriorated within an el: 


The 


coating on each lamination 


sults, as demonstrated by the 


Core loss Increases ipsed 


time of 200 hours addition of a second insulation 


produced 


Satistactory§ re 
loss and excitation 
10 C and 550 C ter 


peratures and at 24- and 1,000-hour time exposures 


core 


data plotted in Figs. 11 and 12 at 


core loss for these particular CONCIUONS Was essentially 


the agin 


ex perience d 


} 


unaffected by 


nowever, 


v period I he 
small permanent 


j 


excitation current, 


Nn 


ch ily 


amounted to as much as 15°, at 550 C and 30 


temperature 


Heat aging tests have indicated the ve 


that the interlamination insulation plays. The separa- 
tion must be a positive one and free from any voids that 
will allow oxidation to progress between adjacent lam 


inations 
CONCLUSIONS 


THE EXPERIMENTAL WORK reported here indicates that 
the magnetic properties of grain oriented 314°, silicon 


steel are significantly affected by In the 


10 C to 550 


te mperature 


reduction 1! 


( 


range investigated, a 60! 


] 
core iOSs Was identical conditions, 


excitation requirements wert decreased o1 


Above tl 


' ; } 
iS experienced 


550 ( 


observed. For 
re mained 
same up to 60 kilolines per square inch 


density, a gradual increase that 


} 


kilolines per square inch at reached as 


200", ol the emperature 


T he 
way, with a marked change 


N7/l valu 


corresponding 


room 


reactor design data we 


with 


power transtorme! 


wide range of ambi 


in his design practice 
knowledge include 


densities, adjustment of tl temperature 


into account ion 


in both the 


t 





Vehicle for New Era Multiple Travel Needs 


Materia ls an 


gnett 


lectroni 


I he 


stvli gv 


cre¢ ited by the 


Astral. a 


department of the Studebaker-Packard Corpora 


new-ideéa craltt was 


j j 


tion (S-P) as an idea project designed to create new ap 


proaches to automotive styling influenced by the space 


stvlists in creating 


iptable to produc 


age. Such proyects aid automotive 


new design teatures which mav be ad 


tion models, S-P stvlists said 
The gracetul arn 


the Asu 


taking beams ol 


1} j 
Caiictd 


opod ind was a | i powe! 


recelvel 


j . ) 
ind CONVETUNY 


lon 
them to jet rust 


presents a new challenge ton y list As a 


S-P stvlist \ Mat tl space igé 


possible solution to tuture highw i\ problen es Ee could 


also be able to travel through the air at restricted flight 


levels, hover like a helicopter, and be equal! 


y at home in 


water. 
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Cell Construction for Current Limiting Reactors 


L. E. SAUER 


MEMBER AIEE 


current in the cell wall will be 6.4 for alt 


42.700 amperes 24 for 11 microhm ma 
I 


1, 3,200 amperes per sq. in 12,300 amperes 
for 70 microhm nonmagnetic meta! 3 400 
iperes). The aluminum cell would probably be blown 
pel The magnet and nonmagnetic steel ce 
pened, depending on he 
ere drawn up that n de sheets 
Fig. 1. Three-cell ver- he traming. At normal reactor « eT he aluminun 


tical arrangement would have { f Ion ampere 








short-circyvited frarn- 


img 


peres } urrent its mn the magnetic 


106 amperes 
i 
EXCESSIVE 


conditions 


OISTANCE TO MAGNETIC MATERIAL 


| 





OR MANY YEARS, current-limiting 1 or manu- 
facturers have been showin itline drawings di 
ials. Instruction 


lets d 


hannels, plates 


ex posed Steel reint ng ! 1 not over 
liameter which dé 





cult are not considered magnetic n 1.” Wart 
given that conducting loops which encl flux act 
the short-circuited secondary winding of a transformer 
The clearances to magnetic materials shown in Fig. | 
ire sufhcient to keep magnetic saturation losses 
enough so parts will 1 d 30 C rise 

ever, clearances do not permit constructing the 
form a closed circuit bout the reactor; nor are 


great enough to permit use of high conductivity metals 
ll 


The construction in Fig. | of an all-metal cell i 


| lw" % OF COIL NI 


recommended unless the coils are magnetically sh 


Consider a 5 , 400 ampere feeder reactor having 


turns of conductor placed in such a cell. From Fi 


we can approximate wall currents in the cell. For 20 


times normal current, the coil would develop 400 x 
10 x 20 $20,000 ampere turns plus the possibility 
that the first half cycle would be fully offset to increase 
) 


the ampere turns to 512,000 rms. For W/d we 
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Application of 
Vacuum Switches to Utility Loads 


J. W 


RITTENHOUSE 


MEMBER AIEE 


Vacuum switches have had an excellent per- 
formance record in applications to which they 
have been assigned. However, because of their 
rapid development and acceptance, numerous 
questions and misconceptions about them have 
arisen. An attempt is made to provide informa- 
tion which will help to overcome this problem. 


HE SPEED 


received acceptance throughout the electric utility 


with which the vacuum switch has 


industry has produced a rather formidable educa- 
ion problem. This problem is not simplified by the 
that the 


fact vacuum switch development program, so 


far as utility applications are concerned, also has pro- 
eressed with great 1 apidity 
Ihe combination of these two fast-moving trends has 


made 


it virtually impossible for vacuum switch manu- 
facturers to supply the entire utility industry with com- 
plete and current information regarding the detailed 
ispects of vacuum interrupter applications in electric 
utility svstems. 

In this article, an attempt will be made to clarify a 


few of the misunderstandings that seem to have arisen 


Fig. 1. One phase of 
@ typical 115-kv 600- 
ampere gang switch 
equipped with a vac- 
vum interrupter unit. 
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and to suggest some of the more recent developments 
which, it is expected, will widen the areas in which 


vacuum switches may b« 


applied 


VACUUM SWITCH RATINGS 


SINCE THE MOST PUBLICIZED utility applications ot vac 


uum switches have almost invariably involved gang 


operated disconnect switches equipped with vacuum 
{UIP} 


Fig. 1, it has 


quite common for electric utility people to think of 


interrupters, such as shown in become 


vacuum interrupters as having the same kind of rigid 
voltage and current ratings as are customarily associated 
with gang switches. As a result, it is not uncommon foi 
a potential user to express great surprise when he ts 
informed that a vacuum interrupter unit designed for 


6Y kv ) 


consist of as few as three vacuum breaks per phase o1 


use at a given voltage level (for example, may 
as many as six per phase. In other words, the interrupte! 
may contain anything from three to six sets of vacuu 
contacts in series on each phase. 

This seemingly contradictory situation arises directly 
from a simple requirement that must be satisfied in the 
design of any kind of a load interrupting device, 1.¢ 
the requirement that the dielectric recovery rate of the 
interrupter must exceed the voltage recovery rate at the 
particular location of the switch installation 

Ihis requirement, in the case of vacuum interrupters 
can be met only after one has a complete knowledge ol 
the dielectric recovery behavior of the particular vac 
uum switches which are to be cascaded as series ele 
ments in the ultimate vacuum interrupter unit 

Having such a knowledge, the designer can couple 
this information with a knowledge of the anticipated 
voltage recovery rate to which the switch will be sub 
jected. He can then determine, with complete reliabil 
ity, how many sets of vacuum contacts must be cascaded 
in series on each phase of the interrupter unit 

Fig. 2' represents the ability of the Jennings type 
R9G vacuum switch to withstand recovery voltage under 
various current conditions. It also represents life ex 
pectancy for this vacuum switch 

From this figure it can be seen (long-dashed curve 
that a single type RIG vacuum switch will withstand a 
recovery voltage of approximately 33 kv peak immedi 


ately after interrupting a 250-ampere load. Each type 
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R9G switch in a cascaded series of two or more (solid 
curve) will withstand a recovery voltage of approxi- 
mately 38 kv peak immediately after such an interrup- 
tion. This means that three type R9G switches cascaded 
in series will have a total recovery-voltage-withstand rat- 
ing of three times 38 or 114 kv peak immediately after 
a 250-ampere interruption 

From the 


the 


dotted curve in Fig. 2, it can be seen that 


vacuum switches involved in the preceding cases 


would have a life expectancy of approximately 5,000 


operations if all inte rruptions Were at 


preceding facts, it is apparent that the 


250 amperes 


From the 


rating information for a vacuum interrupter unit can 


be rigidly defined only in terms of ‘the curves of Fig. 2 


the decision as to how manv vacuum 


used in each phase of the 


Furthermore, 
switches shall bs interrupter 
unit must necessarily take into consideration more than 
the performance capabilities of 


itself 


with a Spe ihc case. 


the switch equipment 


This facet of the problem can best be illustrated 


Let it be assumed 
kvar 
The 


switches 


that it is desired to switch a 10,000- 


115-ky 
many vacuum 


series on each phase of 
| 


bank on a system 


ine how 


Y-connected capacitor 
I 

problem is to determ 

must be cascaded in 


the inte rrupter unit 


ttor Bank Y-Conne 
Neutral § 


current which the 


unded 


( apa 


on a C,rounded steady 


switch will alle ul 1 to 


rupt is approximately 50 amperes. It is a foregone con- 


clusion that more than one vacuum switch will be 


quired on each phase of the interrupter; therefore, 


) 


solid curve of Fig. 2 will be used. From this curve 


apparent that the individual vacuum switches in 


] 


cascaded ill 


series Will 


have an ability to withstand 


proximately 50 kv crest 


Both experimental and analytical 


and 


studies have re- 


liably established the nature magnitude of recovery 


voltages which can be anticipated in a case such as the 


one being studied.* * In this instance, the recovery 


voltage will have a crest value of twice the peak line-to- 
neutral voltage of the system, or approximately 188 kv. 

From these facts, it follows directly that the vacuum 
interrupter must consist of at least four 


unit vacuum 


switches in series on each phase 


Un- 


this in- 


ted with Neutral 


Capacitor Bank Y-Conne 
grounded on a Grounded-Neutral System. In 
stance, the sequence in which the three phases of the 
switch interrupt will determine the magnitude of the 
recovery voltage. If the sequence is the same as the phase 
sequence of the system voltage (for example, first phase 
A opens and interrupts, then phase B opens and inter- 
the 
recovery voltage will reach a crest value of 4.1 times the 


rupts, and finally phase C opens and interrupts), 


peak value of line-to-neutral voltage, or approximately 
384 kv. 

If the three phases of the switch interrupt their loads 
in the negative of system voltage phase sequence (that 
is, A, C, B), the crest value of the recovery voltage will 
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Fig. 2. Curves showing ability of Jennings type RIG vacuum switches 
to withstand recovery voltege under various load conditions, and also 
showing reliable life expectancy date 


nes the 


peak value of line-to-neutra 
oximatelv 325 kv 

It is apparent now that if the three phases of the 

vacuum interrupter are adjusted to drop their respec 

the A, B, ¢ 

switches must be cascaded in 


phase of the switch. On 


is adjusted for A, ¢ 


tive loads in sequence, a minimum of eight 


each 


vacuum 


seven vacuum switches 1 


The effect of 


Capacitor Bank Is In 
creasing the size of the capacitor bank is to reduce the 


abilitv of the vacuum switches in a cascaded series t 


withstand recovery voltage. As a ridiculous extreme, 


it be assumed that the Capacitor bank is increased t 


50.000 kvar, thereby establishing 


of 250 amperes. 
From the solid curve in Fig. 2, it can 


and 1 


this reduces the recoverv-voltage-withst 


vacuum switches from 50 kv to about 38 kv 


quired number of vacuum switches on each phase must 


] 


be increased in the ratio of approximately 5 to 


effect such an increase in many cases would 


unwieldly mechanical systems. 


10.000-kwar 115-k, 


) 


capacitor bank, the dotted curve of Fig. 2 


Life Expectancy. In the case of a 
indicates that 
the vacuum interrupter would have a life expectancy 
of 10,000 operations. In the extreme case of a 50,000 
kvar 115-kv capacity bank, life expectancy would dro} 
to approximately 5,000 operations. 

From the foregoing illustrative examples, it should 


be clear that a vacuum interrupter intended for one a] 


plication on a 115-kv system should not be expected 
be identical to one which is intended for a different ap- 
plication on that same system. Furthermore, it should be 
clear that an inherent part of the rating information on 
any vacuum interrupter is life expectancy data 

It should be equally apparent that in applications in 
which the recovery voltages are small (for example, load 
interrupting applications involving essentially unity 
power factor loads), both the size and the cost of a 
vacuum interrupter in a given voltage class will be 


minimum. 


Rittenhouse—Vacuum Switches for Utility Loads 





VACUUM INTERRUPTER APPLICATIONS 


PROBABLY THE MOST EXTENSIVE APPLICATIONS of 


vacuum switches have been in the field of capacitor 


switching. 


This, undoubtedly, is a consequence of the 
extreme ease with which vacuum switches interrupt ca- 


loads without the damaging restrikes that so 


pac itive 
; 
I 


requently attend the switching of capacitors with othe1 
kinds of load-interrupting equipment. 
field, the bulky 


rupter units that were required by 


Even in this rather vacuum inter- 


the high-re covery 


voltages generated by randomly the three 


opening 
phases of a capacitor bank supply line caused many 


people to reject this type of switch equipment lo cope 


with this problem, switches have been developed to 


provide tor a specific sequence ot phase openings, and 


several capacitor banks of the ungrounded-Y 


irrently being switched with vacuum interrupters that 


ty pe are 


re adjusted for the optimum 4, C, B sequence of phase 
ypenings 


An even more reliable and economical approach to 


this problem is the recent introduction to the industry 


of automatic neutral grounding equipment which 


an electrical interlocking system, momentarily 


through 


grounds the neutral of an otherwise ungrounded ca- 


yacitor bank during the short interval in which the 


| 
main vacuum switch is isolating the capacitor bank from 
its source 

Chis development makes possible the switching of any 
Y-connected capacitor bank, on a grounded neutral sys 
though its neutral other 


em, as were grounded. In 


is, this system permits the smallest and the most eco- 


_— 
nomical switching equipment possible for switching un- 
grounded-Y-connected capacitor banks. 

Fig. 3 10,000-kvar 115-ky 
capacitor bank 


switched by means of a combination of an electrically 


shows a Y-connected un- 


erounded-neutral which has been 


interlocked vacuum switch and a neutral grounding 


switch for many months 


Fig. 3. Capacitor bank on Lovisiana Power and Light Company system, 
using electrically interlocked vacuum switch and momentary neutral 


grounding switch. 
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Fig. 4. Oscillographically produced curve showing position of vacuum 
interrupter contact vs time as moving contact moves away from the 


stationary contact 


Previous publications on the ubject of vacuum 


} 


switch applications* have rather thoroughly pi 


sented discussions of the more conventional types ol 
switching problems to which the vacuum interruptet 
1S ideally suited They quite clearly evidence the opu 


mism which has always been felt regarding the inte1 
rupting ability of vacuum switches oa all kinds of loads 
having leading power factors, or having lagging power 
This, of course, includes all 


factors to as low as 0.85 


such applications as line dropping, unloaded-cabl 
dropping, industrial-load dropping, et« 
Throughout many of the early publications, however 
there ran a cautious pessimism regarding the transient 
voltages that might be generated by the wave-chopping 
the vacuum switch in the low 


characteristics of powel! 


factor regions. This justifiably produced serious doubt 
as to the ability of the vacuum switch to interrupt trans 
former magnetizing currents without producing tran 
sient voltages serious enough to cause potential damage 
to the transformer itself 

It was predicted that “as additional testing proceeds 


and as more is learned about the exact mechanism of 
interruption in a-c cases, this need for caution probably 
will be eliminated.’ 

\ recent publication’ does, indeed, justify this earliet 
optimistic prediction. It points out, for example, that 
“By use of the proper contact opening speed of under 
one foot per second at the initial opening, increasing to 
five feet per second at a sine wave rate a great deal of 
the possible current zero choppings can be eliminated.’ 

The implication here is obvious. By properly design 
ing vacuum switch actuators to produce sinusoidally 
varying contact separation velocities having the desired 
speed range, it is now quite practicable to switch trans- 


former magnetizing currents with vacuum interrupters. 
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rhe feasibility of producing such actuators is evidenced 
This 


curve represeiits the position of the moving contact, in a 


by the oscillographically produced curve of Fig. 4 


vacuum switch, versus time from the position ot “con- 


tacts closed”’ to “contacts fully open The projection of 


the curve below the zero position axis is indicative of 


the over-travel ot the contact pressure 


produc ing system 


Ihe curve demonstrates the feasibility of achieving 


sinusoidally distributed contact velocities within § the 


successtul Ww ch 


speed ranyg¢ ull ro! 


netizing 
From 
speeds st 
the 
tn 
tions 
ot very 


iccomM 


pertorm 
interrupters w 


emitting horn-fibe equip! 


The advent f sucl 


equipment undoubtedly presages the rapid develop- 
ment of a complete new field of applicability for vacu- 


um switching equipment 


CONCLUSIONS 


THE EXCELLENT PERFORMANCE RECORD which vacuun 


produced in 


i 


interrupters have every application to 


} ] 


which they have been assigned has established for them 


and economy. Such 


further confidence and ultimate 


at 
tion for reliability SUCCESS 
expan 


A= 


rupter applications throughout the 


that 


apacities 


ison to expect 





The Electric Ty] 
Machine 
IBM 


' 
Business 


nounced the 


ened prithe. 


computer unil ind a program 
vice. The IBM 632 can automatically type, extend, carry 
totals compute taxes, subtract discounts, position deci 


mals, justify multidigit numbers, and type out results 
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Automatic Telegraph Switching System 
Plan 55-A 


G. S. VERNAM 
MEMBER AIFE 


A fully automatic, world-wide switching sys- 
tem is being engineered by Western Union for 
the United States Air Force to meet the need for 
rapid and secure transmission of large volumes 
of military traffic over a world-wide network. 


N ORDER TO MEET the needs of the U. S. Air 
Force for rapid and secure transmission of very large 
trafhc 
a switching system should meet the following 


volumes of military over a world-wide net- 
work, 
requirements. 


1. It should provide for rapid automatic switching of 


Fig. 1. Plan 55-A prototype set up for test. 


messages through any number of switching centers with- 
out operating attention. 


2. Where 


prevent automatic switching, means should be available 


defects in a message OF trouble conditions 


for immediate manual (push button) switching of mes- 
) g 


sages to avoid delay 
3. The switching system must be compatible in opera- 
tion with the equipment used by the other military 
services, so that messages can be relayed from one service 


to another without manual 


switching system must also be compatible with any 


AIFF 
Technical Operations De 
General Meeting, New 
publication in AIEE 


Revised text of paper 58-45, recommended by th« 
Systems Committee and approved by the AIFF 
partment for presentation at the AIEE Winter 
York, N. Y. Feb. 2-7, 1958. Scheduled for 
mu ation and Electronics, 1958 
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retyping. Obviously, the 


Telegraph 


Com- 


Automatic Telegraph Switching System 


other message relaying system in use by the Air Force. 
1. The switching equipment must be capable of either 
automatically or manually switching multiple-address 
messages 
5. The equipment should be designed on the “building 
block” principle, with the minimum number of differ- 
ent types of cabinets, each complete in itself, with plug- 
in connections to the other cabinets arranged for quick 
installation or removal 
6. Fast handling of all trafic, but with preference in 
switching being given to messages of high precedence, 
is essential. 

The Plan 55-A 
Western Union 


dk veloped by 


The 
Telegraph Co. to meet these require- 


system (Fig. | 


ments, consists of a number of repertorator switching 
centers interconnected by trunk lines, with lines radiat- 


ing from each center to tributary stations in the area 


served by that center. Messages originated at any tribu 


tary station are relayed automatically through one or 


centers to their destinations at other 
This 
radio channels and can be expanded be- 


\ Plan 55-A 


with 


more switching 


tributary stations system can be operated over 
wire lines o1 
yond national and continental boundaries 
switching center can exchange trafh« switching 
centers using other typgs of switching equipment, in- 
cluding Plan 51 reperforator switching or semiautomatic 
(“torn tape” 

In Plan 


and 


relaying equipment 


55-A switching centers, messages are received 


retransmitted automatically in the form of per- 


forated tape. Routing is controlled by “routing indica- 
recorded in the 


tors” (normally groups of six letters) 


tape as part of the heading of each message. The form 
of message conforms to standards agreed upon among 
the armed services and the switching equipment has 
been designed to be compatible in operation with the 
equipment used by the other military services 


MESSAGE SECURITY 


NUMEROUS SAFEGUARDS and alarms are _ provided 


throughout the system to prevent errors, avoid delays, 


and guard against lost messages. Each message is num- 


bered in sequence as transmitted to an outgoing line or 


channel and these channel numbers are automatically 
checked as the messages are relayed. For this purpose, 
automatic message-numbering machines are provided 


call, 


serial number ahead of each message. For each incoming 


to transmit the office channel designation, and 


circuit, a number comparator device, known as a “se- 
quence-number indicator” (SN1I), is provided to check 
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the numbers automatically. The SNI is similar in design 


to the automatic numbering machine and is shown in 
Fig. 2. It is contemplated that some messages will be 


transmitted in code or cipher. As this cryptographic 


equipment is not part of the Plan 55-A switching equip 


ment, it is not discussed in detail. 


MESSAGE PRECEDENCE 


ofthese ot 
in order of precedence and are delivered at their des- 
T here 


designated in the 


MESSAGES ARE TRANSMITTED from the origin 


tinations in the same order. are Six precedence 


classifications message by repeated 


characters called “precedence prosigns.” For switching 


purposes, the first three precedence classifications are 


normally considered as “high precedence and the last 


High 


are given preference in switching 


three as “low precedence precedence messages 


MESSAGE TRANSIT THROUGH SWITCHING CENTERS 


THE TRANSMISSION of a single-address message from 


origin to destination, through two switching centers, 1s 
At each switching center, the 


illustrated in Fig. 3 mes- 


sage is perforated and transmitted twice The first 
repertoration is at a receiving or incoming line posiuon 
The 
office” to a sending or outgoing line position where it 


I he 


shown in the 


then switched and transmitted “across 


message 1s 


is reperforated and transmitted again form of the 


message, at each stage, is drawing. As 


transmitted from the ofhce of origin and recorded by 


the printer—perforator at the first switching center, the 
(SOM) characters ZCZC and the 


sage serial number are followed by the precedence pro- 


Start-ol-message mes- 


indicators, the 
EFOM 


indicator, or text 


and the end-of-message 


signs and 
of the 
ters LF 

The 


number ar 


routing 
message charac 
NNNN 

characters of the 
checked by the 


switched. Checking each 


incoming message channel 
SNI before the message is 
message serial number as it 
appears in the tape prevents loss of messages, facilitates 
identification of messages for reruns, and also serves as 
a periodic transmission check. In case of a wrong num- 
ber comparison, transmission 1s stopped immediately 
and supervisory alarm signals are actuated. As this 
occurs before the message has been switched and trans- 
mission across ofhce has not started, it is not necessary to 
send a cancellation notice 

As described later, the transmitter at the receiving 
position is designed so that it can step through and 
read the precedence characters and routing indicators 
twice: first. for switching control and, second, to trans- 
mit them across office. After the first passage through the 
transmitter, indicated route connections are set up by 
switches in the receiving position, but actual cross-office 
the EOM 


characters are received, except that in the case of “flash” 


line connections are not established until 


or “emergency” messages, such connections are estab- 
lished immediately. 

When the cross-office connection is set up, a new out- 
going channel number is recorded in the tape at the 
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Fig. 2. Sequence number indicator 


sending position, transmitted from the automatic num- 
bering machine. The incoming channel number is then 
SNI 
the transmitter. 


cross-ofhice circuit is disconnected. 


and the text and 
After the 


transmitted across ofhce by the 
EOM characters are 
EOM characters, the 

From the 


sent by 


sending position, the message may be sent 


to a tributary of the same switching center, but in most 
cases the message will be switched through at least two 

The message, as received at the second center, 
now has two serial numbers, an outgoing channel num- 
The 
involved in transmitting the message through the second 


center are the same as those described for the first cente _- 


centers. 


ber and an incoming channel number operations 


except that after the first number is checked by the SNI, 
the second number steps through the transmitter and is 
discarded. A new outgoing channel number is added at 


the head of the by the numbering machine. 


Onls 


message as it is relayed from center to center, 


message 
two channel numbers are carried along with the 
thus pro- 
viding adequate identification while conserving line 


time. 


MULTIPLE-ADDRESS MESSAGES 


MULTIPLE-ADDRESS MESSAGES are recognized as such by 
Each 


routing indicator is preceded by a space character and 


the presence of more than one routing indicator 


the last routing indicator is followed by a carriage 
return character. All routing indicators are printed in 
one line and the number of routing indicators in a mes- 
sage is limited to nine. Multiple-address messages are 
automatically processed in order to transmit an indi- 
vidual copy of the message to each ultimate destination. 
In this process, the routing indicators are segregated so 
that each final copy of the message contains only one 
routing indicator corresponding to its destination. At 


a switching center, several of the routing indicators in 


a message mav require the same circuit outlet. For ex- 


ample, two or more routing indicators may be for 
tributaries of another switching center, or for more 
distant centers to be reached through the same inter- 


mediate switching center. Such messages are transmitted 
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Fig. 3. Switching single-address message through two switching centers. 


to the intermediate center containing only the routing 
indicators for which that center is responsible. 

Any receiving position can switch a multiple-address 
message directly to four outlets—no more. As relatively 
few messages require switching to more than four cir- 
cuit outlets, most messages can be switched directly from 
the receiving positions. All preliminary operations for a 
multiple-address message are the same as for a single- 
address message up to the point where the first routing 
indicator has been processed. The space character fol- 
lowing the first routing indicator is identified and the 
transmitter is restarted to process the second routing 
indicator. This process continues until a carriage return 
character, after the last routing indicator, identifies the 
end of the routing line. 

In relatively rare cases, a message may need to be 
switched to more than four circuit outlets. In such 
cases, all routing indicators requiring an outlet differ- 
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ent from the first three, are sent with the message to an 
extra operating position assigned for this purpose. In 
very rare Cases, a message with eight or nine routing 
indicators may need to be transmitted to an extra posi 
tion a second time 


SWITCHING CENTER COMPONENTS 


THE TWO PRINCIPAL ITEMS of equipment required in 
a Plan 55-A switching center are the incoming and out- 
going line consoles or cabinets. Each cabinet houses two 
operating positions. The incoming line cabinet has a 
control cabinet installed behind it to provide additional 
mounting space for equipment. These cabinets are 
interconnected by cables terminated in multiconductor 
plugs and sockets. To meet military requirements, all 
cabinets of each type are alike and require no essential 
common equipment to set up an operable center for 
manual switching. The incoming and outgoing cabinets 


ELECTRICAL ENGINEERING 





are linked together by cross-office switching circuits ove perforator at a sending position Associated with the 


which messages are transmitted electronically at 200 transmitter is a SNI for checking incoming message 
wpm. Fig. | shows the incoming or receiving cabinets numbers, as recorded in the tape, and retransmitting 
at the left and the outgoing or sending cabinets at the them across office at the proper ume. The transmitter 


right side of the aisle also has associated electronic means for detecting cer- 


These cabinets contain all the equipment needed tor tain characters in the tape as they pass through the 


reperforating, transmitting and push-button switching transmitter. An “electronic transmitter” is also provided 


The “building block” principle thus obtained enables to transmit messages and to transmit and receive control 
I 


a center to be expanded or contracted as circumstances signals across ofhce 

dictate with the minimum of disturbance to trafh The “loop gate” is a slide latch which permits se 
handling. As initially equipped, each incoming line certain portions of the message twice. With the loop 
position can switch messages to a maximum of 200 — gate in its right-hand position, the transmitter functions 


like any conventional magnet stepped transmitte1 T he 


circuits and 100 destinations, by providing a suitable y 
number of outgoing line consoles. By adding switches 


the equipment can be expanded to 400 circuits and 200 
destinations 

\ third type of equipment, a director—translator 
cabinet is required for automatic switching The 
cabinet houses two directors and a translator. It 1s 
similar in design to the receiving cabinets and is nor- 
mally installed at the end of a receiving row The 
director receives routing information from the message 
tape and controls switching operations at 
each message. The translator receives routing indicators 
from the director and translates then 
tings As these operations take li a w seconds, 
relatively few directors and transl: ! required It 
1S proposed to install them in t ore director 


cabinet for every 25 incoming line 


P Fig. 4. leop-gate transmitter for sending messages across 
RECEIVING POSITIONS adios 


FACH RECEIVING POSITION is 


printer-perforator for reproducing incoming messages 


‘ ; = haracters ZCZC start the SNI 
11S na- 


| torn Associated witl 


in printed-perforated 


i i 


e} 
. , s and message number in the 
chine is a message-waiting indicator with associated con 

is correct, the transmitte! 


trol circuits designed t and unt bell signals 
it detects a line feed (LF 


(upper ise 8S). the SON sig 

NNNN The bel lgnals ; ca t detect 
“flash and emergency messages. he EOM signal 
controls the message-waiting indicator (MWT), addin; 


} 


one on its dial for each message received. The transmit 


yng through and deleting any extra n 


extraneous characters that mav appear in 
this point. Upon detecting the LF, the loop 
transmitter slides to the left, holding 


‘ annot pass completelv through the t 
ter circuit subtracts one for each complete message ! “aN, ’ 

meee: but can step past the sensing pins tormi 
transmitted, so that the MWIHI dial indicates the num ri I 


; ! ; transmitter. Characters fed into th 
ber of complete messages on | ind. The SOM and EOM vee ' ( ted te 


; 1] , , a second time. 
signals are received aiternately, as they occur at the start 


and end e7 message. If the EOM signal is missing 
as received, there will be two successive AUTOMATIC SWITCHING 
SOM signals. The MWI circuit operates a “no EOM” 
alarm and blocks cross-ofhce transmission, thus prevent FOR AUTOMATIC SWITCHING, with the looy 
ing a message from following through to the same left. a connection is obtained to 
destination after a preceding message with a defective precedence prosign characters an 
EOM combination or indicators are transmitted 
sends back switching information for 
LOOP-GATE TRANSMITTERS cross-ofhce connection to the desired destin: 
loop gate then returns to its right-hand position 
FACH RECEIVING POSITION has a “loop-gate” transmit- the original character (the first character afte 
ter, shown in Fig. 4, for reading characters in the mes-_ feed) over the sensing pins The transmitter 
. fea . 


sage tape and transmitting them at 200 wpm to the ready to transmit the message across office at 


automatic switching director or across ofhce a 2 time. 
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MANUAL SWITCHING 
FOR MANUAL SWITCHING, when the loop gate slides to 


left, a “message waiting” lamp lights to call the 
attendant, who looks at the precedence prosign charac- 


ters on the tape and depresses a “high” or “low” pre- 


cedence push button, which associates the transmitte1 


the push-button panel, advances the prosign 


through the transmitter, extinguishes the 
MSG WTG lamp and lights a “switching control” lamp 
The 


ach routing indicator 


icters 


ittendant now depresses a panel push button for 
and then a “start’’ push button 


complete the manual switching operations. 


ELECTRONIC CROSS-OFFICE TRANSMISSION 


ELEC 


Cross ofhce 


rRONIC METHOps are used for transmitting signals 


The 


20 characters 


over a single conductor message 


laracters are transmitted at 200 wpm 


yer second). Certain control pulses are transmitted ove1 
cross-office line conductor, in either direction, 


Salne 
it the rate of 60 pulses per second 
systems, the use of 


\s compared to other 
a single conductor, in this 
reduces the number of cable conductors 


re quired. 


ereatly 


sockets, and switches 


Bic 
levels of a 


iconductor plugs, 
| 


example, eight single 25-point rotary 


serve to select any one of 200 sending positions 


electronic units consist essentially of a “pulse 


tor,’ common to the two operating positons in 


ibinet, an “electronic transmitter” for each re 


and an “electronic receiver” for each 


These 
message and control pulses that are 


and, in he tape 


and indicate 


position 


position units generate, transmit, and 


sent 


iddition, step t transmitte 


} 


mbering machi trouble 


tions: read certa characters 


insmitted at test the idle 


E 


apecnae 
Seater 
sees 
nr 


eS 


‘ 


LMN 
: bynes 


, 


Fig. 5. Receiving cab- 








inet, rear view, with 
electronic units at 


top 








condition otf selected routes; and control the operation 
of other equipment, such as the sequence-number indi- 


cators, message waiting indicators, and the automatic 


switching directors. The pulse generator and electronic 


transmitters are shown at the top of Fig. 5. 


SENDING POSITIONS 


EACH SENDING POSITION is equipped with a type 2% 


multimagnet reperforator, shown in Fig. 6, for repro 


ducing messages received over cross-office circuits in 


not printed form. This reperforator 
office 


a receiving position 


perforated tape 


operates on signals received across at 200 wpm 


from the loop-gate transmitter at 
The 


mati 


reperforato1 also receives signals from an auto 


message numbering machine at the same sending 
position 

When a 
numbering machine 
pertorator, the SOM characters ZCZ(¢ the 


letters, and the 


] } 


cross-ofiice connection is established the 


automatically sends, into the re 
station and 
number 
followed by the incoming channel 


SNI at the 


number is always 


channel designation message 


This number is 


number transmitted from the receiving 


This lattes the 
and followed by CR R LF I he 


transmitted 


position preceded by 


charac ters Z( 


is then 


message 


across ofhce by the loop-gate trans 


mitter, first the precedence prosign characters and rout- 


trom. the 


tape 


I 


ing indicators loop and then the re 


mainder of the message, including the EOM characters 


LF NNNN 
} 


stops the 


this l the transmitter 


] ' 
1tOoop-gale 


j 
sends 


the reperfor 


} 


CHARACTER CHE( 


[HE REPERFORATOR is equipped with con 
1 


tacts operated bv an extra set of sensing pins located 


five characters to the left of the punch pins. These pins 


read certain character groups in each message to verify 


ent involved in 
characters ZCZC 


machine are the 


the correct operation ofl ili equipr 


| 
cross-office transmission Ihe SOM 


from the numbering first characters 


checked. The appearance of this combination indicates 


1 


that the local equipment of the sending 


position 


} 


operating properly, including the umbering 


he repertoratol ni acters ahead 


I 


incoming channel nun verify the 


the SN] 


operation 
At the 


transmitted by the 


cross-othce transmission end of the 
blanks ir¢ 
FOM 


over the read-back pins and 


num- 


message, when two 
bering machines 
first N are 


checked thus 


operating properly 


ifter the characters, the line 


1 
d and ied 


verifying that the reperforator is still 


at the end of the [he cross 


message 
ofhice connection ts then released 


Ihe ZC 


transmission of the 


characters must check to start cross-ofhce 


message. Failure to check prevents 
transmission, locks out the sending position, operates an 
alarm signal at the sending position, and a “reswitch” 
cancella- 


signal at the receiving position \ “number 


tion” notice is then transmitted automatically from the 
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receiving position I he osition remains out ol 


service until manually restored after the trouble 


] 


cleared Ac the receiving it 1, an attendant sé¢ 


tape back 


LINE TERMINATION 


rWO-POSITI 


1 


precea¢e 
betore 
agall 


nign preceder 


ored 


messages 


MULTISTATION CIRCUITS (WAY WIRES 


MULTISTATION CIRCUITS extend 


from a switching cente1 


to two or three tributary stations. These circuits are 


operated duplex. Each station 1s equipped for selective 


control so that each message transmitted from. the 


switching center is recorded only at the station to which 


it is directed. At each way station, messages are pre pared 


in perforated tape form for transmission to the switch- 


ing center. Only one station can send at a ume. De- 


pressing either a high precedence or a low precede nce 
push button at a tributary station indicates, at the 
{utomatr 
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HIGH-SPEED CROSS-OFFICE 


iving 
cross-omce 
ti unsent 
in occasit 


} 


imulation, however! 


positions. If 


an ic¢ 


tween the high cross-office speed an 


speed would transmit message 
ceiving positions at 
received, thus raj 
Che line circuits can thus be operated at a very 


utilization factor, without ca ig any 


trafic delay. The transmitter—distributor at a line send- 


ing position automatically functions to send contin- 


uously as long there is anv trafic at the sending 


position to send. Therefore, the cross-ofice line need 


only operate intermittently to provide a full outgoing 


circuit load. 
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Train Performance and Tonnage Ratings 


Calculated by Digital Computer 


Jl. £E 


HOGAN 


ASSOCIATE MEMBER AIEE 


Because of the considerable time savings 
achieved, the digital computer has been found 
to be advantageous in the calculation of train 
performance and locomotive tonnage ratings. 
These calculations are essential in the determi- 
nation of potential purchases and utilization of 
locomotives and other railroad equipment, as 
well as investment in track improvements. 


HE FUNCTION of a railroad is to provide trans- 


portation. But to be satisfactory and attractive, 


transportation not only must be safe and 
dependable, but also must be accomplished in a rea- 
sonable length of time. To accomplish this, adequate 
power must be applied to the trains. However, railroads 
cannot afford to be extravagant. Locomotives are ex- 
pensive, and the bigger they are the higher the first cost 
and the cost of operation 

Some of the typical questions or problems arising in 
the purchase, selection, and assignment of locomotives 


ind the makeup of trains are as follows 


1. How 


class of locomotive haul from “A” to “B” in so many 


many cars or how many tons can a certain 


hours and minutes? 


2. If the time is fixed and the number of cars or tons 
in a train is specified, what must be the horsepower of 
the locomotive? 

3. If cars are to be added to a train, what will be the 
effect on the running time? 

t. With the addition or elimination of a station stop, 
what time changes should be made in the schedule? 


5. How 


eliminating a speed restriction through improvement 


much time can be cut out of a schedule by 


in track conditions? 

6. If time is not the governing factor, how many cars 
or tons can a locomotive haul at a reasonable speed on 
the ruling grade, or in the case of a locomotive with 
electric drive, without damaging the electrical appara- 


tus by overheating? 


[he answers to these and other related questions may 
be important with respect to potential purchases and 
utilization of locomotives and other railroad equipment 
or the investment in track improvements. 


Mathematical solutions have been found to be quite 
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satisfactory in most cases. The factors involved are fairly 
well established, particularly in the case of electric and 
diesel-electric motive power. The output of such equip- 


ment can be predicted reliably. 


BASIC THEORY AND TERMS INVOLVED 


To CALCULATE the performance of a given train over 


a given route, it is necessary to know the following: 


l The grades, curves, and distances 
The 
The 
I he 
The 
The 


speed restrictions. 
weight and tractive resistance of the train 
tractive force of the motive power. 
rate of deceleration during braking 
location, and duration of 


number, station 


stops 


By tractive force is meant the total propelling force 
at the rims of the driving wheels. The portion of trac- 
tive force in excess of that required to overcome tractive 
resistance is available for producing acceleration and is 
known as net tractive torce 


The 


resistance and track resistance. Several empirical equa 


tractive resistance may be divided into train 


tions for train resistance have been developed, gener- 


ally of the type 


R=K,+kKV+ Aw (1) 


where 


R = resistance 
'; = a term representing journal friction 
resistances caused by flange friction 


a term comprising 


sway 


ng. and miscellaneous frictions proportional to speed 


a tern ng air or wind resistance, varving as the square 


of the speed 

The Davis formulas for train resistance are in general 
use in this country.! They were developed from tests 
conducted on several railroads in the 1920's. Resistance 
calculated by these formulas is somewhat high, however, 
when applied to the conditions of heavier rail, better 
road bed, better equipment, and the higher speeds of 
our railroads today. 

Track 
caused by grades and frictional resistances caused by 
or | foot rise 


resistances are the gravitational resistances 


curves. A train moving up a grade of 1%, 
in 100 feet, must overcome a component of gravity 
equal to 20 pounds for each 2,000 pounds of train 
weight. Similarly, when a train moves down a grade of 
1%, a component of gravity exerts a force of 20 pounds 
per ton to assist the movement. 
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A train moving on a curve is retarded by a force pro- 


actual acceleration of a train operating with full throt- 
portional to track curvature. For freight trains, this 


tle is 


retarding force is usually taken to be 0.8 pound per ton 


= MALT — 20¢ (5) 
of train weight per degree of curve. It may be consid 


ered as the effect of an adverse grade of 0.04% per de- where 


; 
: weed ae ca ; 
gree of curvature. Curve resistance is much less for pas 4 ve if ascending. newative if descending 


x = Grade, in per cent ( positi' 5 


senger trains and ts usually considered negligible 

Lhe maximun Knowing the 
na lum 

lectric motive | nail 4 pute changes in velocity. time. and distance bv the 

Cie’ I< no S OW € j { s i 


‘ ea Sag loned acceleration of the train, we can com- 
rOoOrce wihk ma fe Geveioped 


by an electric or 


dete rmined by 


usual! 


, equations of kinetics However. with each 
on ariving i < 


coefficient of ad ere the © : speed, there is corresponding change i 
Iractive force , alent to about ducing that change Therefore, to obtain accurate 
on drivers is , itilized ilts, small increments of either velocity 
in starting a tra n ’ time must | sed and the results 
varv widel edious and tim 


} 


sanded accordi 


h 


nou! 
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per ton of train weight for each per cent of grade, the 
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CONSIST TRAIN 
4000-HP LOCOMOTIVE - 320 
14 CARS 980 
TRAIN WEIGHT 1300 
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1. Typical passenger train data 


The beginning of the braking zone must also be spec- 
ified by a track card. Braking from 80 to 45 mph at 1 
mph per second will require 62/100 mile. So, in order 
to be down to 45 miles per hour at mile post location 
7.15, the engineman should apply the brakes as the loco- 
motive passes mile post location 7.77, if traveling at 80 
mph at that point. Therefore, a punched card is in- 
serted in the deck of track data to indicate the begin 
ning of each braking zone and the rate of braking de- 
celeration. However, braking action will not start until 
the train reaches the braking line. By braking line is 
meant the locus of points at which the braking action 
as specified will cause the train to decelerate in order to 
be precisely at the desired speed at the desired location 

Acceleration calculations take the following form 
[he MALT for the speed is obtained from the stored 
table by a linear interpolation, obtaining at the same 
time the slope m of the linear approximation of the 


MALT 
acceleration for that speed. AV, the change in speed for 


curve, which indicates the change in rate of 


the time interval At is calculated from the following: 


Al . nt f (6) 


whe 


AV = Change in speed, mph 
a Acceleration, mph per second 
m = Slope of linear approximation of MALT curve 


At = The time increment, seconds 


Ihe calculations on the digital computer are carried 
out by first using a primary value for At. At the comple- 
tion of each calculation of AV and Ax, the totals V + AJ} 
and x + Ax are checked against the track data to ascer- 
tain whether the values thus obtained would result in a 
speed greater than authorized or a distance greater than 
that of the next change in track data. If neither of these 
limits will have been exceeded, the totals are recorded 
and the computation cycle is continued. If either of 
these limits has been reached, the last calculation is not 
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CARD NUMBERS 


Fig. 2. Essentials of track data. 


totaled and a second cycle of computations is begun 


using a secondary value for At considerably less than 
the primary value. However, when the limit is reached, 
using the secondary value for At, the cycle is terminated 

If the limiting speed has been attained, time is calcu 
lated using that speed and using the distance to the next 
change in track data. If the limiting distance has been 
reached, data from the next card are read automatically 
into the machine and the calculations are resumed using 
the primary value for At 

Whenever the train enters a braking zone, the calcu 
lations take a different form. Tests are made to ascertain 
the time, place, and speed at which the train arrives at 
the braking line with the smaller secondary value of At 
graking action is then started, deceleration taking plac 
at the rate b specified 

Even after the train enters the braking zone, opera 
tion will 


continue at full throttle until reaching the 


braking line. An exception to this occurs if the speed is 
below that of the speed restriction approached. In this 
case, the speed of the train in the braking zone will not 


exceed the speed restriction ahead. 


CALCULATION OF 
ELEC 


CONSUMPTION OF FUEL OR 
PRICAL ENERGY 


IF DESIRED, the energy consumed in moving the train 
is computed as the train performance calculations pro- 
gress. To accomplish this, the total weight of the train, 
a table of total tractive force vs speed, and a table of 
total train resistance vs speed are added to the train 
data. 


Energy calculations are based on the equation 
E = 0.002 (TF) Ax 
where 
E = Total energy delivered to the rims of the drivers, kw-hr 


TF = Total tractive force, pounds 
Ax = Distance traversed, miles 
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Table I. Output Data from Train Performance Calculation 


Train Locomotive 
From 

I onnage 

Remarks 


Station 





Washingtor 
N.Y. Ave 
Landover 
Bow ie 
Odenton 
Fultor 


Baltimore 





In the case of full-throttle operation, the tractive 


force is obtained table of 


For 


total resistance 


irom a maximum tractive 
force vs speed 


the 


partial throttle at constant speed 


is used to indicate the tractive force. 


During drifting or braking, no propelling power is 
supplied 
The energy thus calculated is the energy delivered at 


of the 


the energy input at the 


the rims of the driving wheels. By the usé« proper 


efhciency or conversion factor 
pantograph or amount of fuel consumed can be derived. 

Fig. 3 shows the flow chart for the calculation of train 
performance and energy The 


consumption program 


may be entered at several different locations on the 


memory storage drum, as follows 


ALLPT (punch all points). This will cause an output 
card to be punched at every location designated by a 
track card. It is used principally in providing a compar 
ison with results calculated by other methods. By its use, 
a rough graph can be plotted of speed vs ume or dis 
tance. 

This is 
self-explanatory. It is the method most frequently used 

ENERGY j 


used 
ergy 


STAPP (punch stops and passing points 


compute energy). This ts when en 


calculations are desired 


NO-EN is used 


is, without calculating energy 


to reset the program to normal, 


Typical tabulated data are illustrated in 


Table I. 


output 


CALCULATION OF LOCOMOTIVE TONNAGE RATINGS 


THE CALCULATIONS of maximum permissible tonnage 


ratings for locomotives are handled in a somewhat dif 

ferent manner. In these problems, we are not concerned 
We 

tonnage a locomotive can haul from “A” to “B 


with train operating time want to know the maxi 


mum 
the 


regardless of the time required to make run. 
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Fig. 3. Flow chert for train performance calculations program. 
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In general, the maximum permissible tonnage rating 
for a given route is limited by what the locomotive can 
haul up the ruling grade. By ruling grade is meant the 
most difficult grade the train will encounter on that 
route. That sounds like a rather simple definition. How 
ever, with the exception of a long uniform grade, it is 
not always easy to identify the ruling grade and to as- 
certain its average steepness or its length, particularly 
in what may be called rolling terrain. 

The ruling grade is not always the steepest grade 
The steepest grade may be only a few hundred feet 


long. Generally speaking, the answer to the question, 


“What is a ruling grade?” depends on steepness, length, 
and conditions of grade and of train speed approaching 
the foot of the grade in question. 

This introduces the subject of 
tion.” 


“momentum opera- 


Obviously, the faster a train is moving as it 
reaches the foot of a steep grade, the greater is the 
kinetic energy stored in the train to assist it in sur- 


mounting that grade. To be “ruling,” a grade must be 
long enough and steep enough to reduce the speed of 
the train to what we may call the locomotive “rating 
speed.”’ If the lowest speed on the grade is greater than 
the rating speed, the full tonnage rating of the locomo- 
tive is not being utilized. 

The rating speed may be determined by one of sev- 
eral limitations, but it is usually the lowest speed at 
which the locomotive can be operated for an unlimited 
time at full throttle. A lower speed with corresponding 
higher tractive force (and higher motor current in the 
transmissions) is 


case of locomotives with electric 


not 
practicable, as it would cause slipping of driving wheels 
or damage to electrical insulation through overheating 

At this point, it may be well to note that the grade 
which is ruling for one locomotive might not be the rul 
ing grade for another locomotive of different character- 
istics. In the case of the long freight train of today 
hauled by a powerful locomotive, the train may be 
longer than the grade which was ruling for a less pow 
erful locomotive. In other words, on a rolling profile, a 
train may “overhang’’ one or more grades. 

As a corollary to this, the tonnage rating for a two- 
unit locomotive will often be more than twice that for 
a single unit, and so on. 

Thus, it becomes apparent that, except for long uni- 
form grades, establishing accurate tonnage ratings is not 
an easy matter of applying a simple formula. However, 
it is exceedingly important to the economical operation 
of a railroad. Tonnage ratings too low will mean unnec- 
essarily large investments in motive power with related 
larger maintenance facilities and greater crew and other 
operating costs. Tonnage ratings too high, if used, will 
result in more frequent equipment failures and deten- 
tions, slow over-all operation, and high maintenance 
the 


generators. 


costs as result of damaged traction motors or 

Present “long-hand” methods of calculating tonnage 
ratings involve the selection of what is apparently the 
ruling grade from inspection of the track chart. Ton- 


nage rating is then calculated by the equation 


$28 
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P — 20 Gw 


r+20CG 


where 


Tonnage, trailing tons gross weight 
Drawbar pull, pounds 

Grade, per cent 

Weight of locomotive, tons 

Tractive resistance of cars, pounds per ton 


Studies made of a variety of typical conditions involv- 
ing momentum operation over a rolling profile demon 
strated that, with rated tonnage, an averaged grade hav- 
ing a length approximately twice that of the train 
would, in general, result in a reduction in speed to 
about the minimum rating speed. That is to say, with 
momentum operation, to be ruling, such grade should 
be at least twice the length of the train. However, this 


rule is not exact and tonnage ratings thus obtained 
should be checked by other means 

Obviously, to be ruling, without momentum opera 
tion, the averaged grade must be at least as long as 
the train. 

Checking tonnages thus calculated can hardly be a 
complished manually by the step-by-step process because 
of the tremendous number of computations involved 
It can be done with the Pennsylvania Railroad Train 


Performance Calculator but even with this analog 
computer, the process requires too much time to check 
many ratings. The rapidity of computations with the 
digital computer makes possible a method of quickly 
and easily calculating tonnage ratings accurately. 

There is one major difference between calculating 
train performance and calculating tonnage ratings. In 
train performance, to simplify the work, the weight of 
the train is almost always assumed to be concentrated 
in one point. This assumption introduces certain errors 
Calculations on this basis indicate that the train begins 
to lose appreciable speed at the instant the locomotive 
reaches the foot of a steep grade. Actually, the grade will 
not have its full effect on reducing the train speed until 
the entire train is on the grade. However, the reverse 
effect takes place as the train passes over a summit. Over 
the length of runs usually considered in train per 
formance calculations, these two types of error cancel 
each other nicely, and sufficiently accurate values of 
total time are obtained. 

In tonnage rating calculations, however, the length 
of the train becomes an item of prime importance. In 
order to calculate the minimum speed accurately, it is 
necessary to evaluate the average grade under the whole 
train at each instant. 

The method of calculating tonnage ratings by use of 
the digital computer is as follows: Stored in tables on 
the memory drum of the computer are the locations of 
all grade lines, the grades, and the maximum authorized 
speed ahead of each point of change in track data. Suf- 
ficient approach track is included to establish the nor- 
mal approach speed. Also stored are the average gross 


weight per car and a table of tractive resistance vs speed. 
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Weight and drawbar pull data for each locomotive or 
group of locomotives are contained in a set of three 
cards to be read as each group is rated in turn. To 
start, an estimated tonnage is assigned to the first loco- 


motive. The computer, with this tonnage, calculates a 
run over the prescribed distance, noting the minimum 
speed of the train. If the minimum speed noted is too 
indicating trial tonnage 


low too great, another 


If the 


speed noted is not low enough, another run is made 


run 1s 


made automatically with 200 tons less minimum 


automatically with tonnage increased 3‘ but less 


I hese 


the minimum speed is sufhiciently close 


not 


< 


than 25 tons calculations are repeated auto 


matically until 
length of 


to that desired, or the maximum permissible 


train has been exceeded 


Having calculated the tonnage rating for one group 
ot locomotives, the data for the 
ls. As a 


group, the computer will start with a tonnage 
i 


iiltiyg 


next group are read 


from the three cal trial tonnage tor the 


sc¢ ond 


next 


rated tonnage of the 


rated 


rroportioned to the rECce* 
| I 


group in the ratio of the pulling powers ol the 


[wo groups 
\ portion of the tabulated output data trom a ton 


lable Il 


nage rating calculation is shown in Items are 


is follows 
Column 1. By 


havil 


more classes ot 


l\OCOMOTLIVE vy i Lerch mille operating charac 


teristics to be rated alike 


Columns 2 and 3. Gross we tonnage) and number 


ignt 
ot cars 


Columns 4, 5, and 6. Distance, speed. and time at the 


point of data punch out. These items, when obtained 


at periodic short intervals of time by using 


punch” routine, provide means of drawing 
the variables or of othe 


Wise analyz 


ment 
T he 


tt occurred 


Columns 
hocation at 


Column 9. Punch identifi 


0 —- Tonnage higl Tonnage I onnage rating 


CONCLUSIONS 


THe PENNsyLVANIA RaAtRoOAD Train Performance 


Calculator has proved to be a profitable investment 


Because of the reduction in calculating time, many in 


vestigations and studies of wavs of improving the train 


service, of improving the ethciency and economy of 


operation and some of the investigational work prepara 
tory to the purchase of new locomotives have been ac- 
complished which might have been 


not attempted 


without the calculator, because of the number of man 
hours required to make these calculations by hand 

It now appears that the use of the digital computer 
for this work makes possible a further, and very much 
greater, reduction in calculating time. Train perform- 
ance is calculated at rates varying between 700 and 2,000 
miles of track per hour depending on the number of 
station stops, speed restrictions, and grades. Tonnage 
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Table II. Output Data from Locomotive Tonnage Rating 


Calculation 








At 
Time Min. Speed Dict Ident 


Creup 


Ton. Cars Dist 


68 





rating calculations on the digital computer require fron 


| to 5 minutes per locomotive group depending on the 


length of track involved 


Because of the great reduction in time, the use ol 


the digital computer has been found advantageous 


calculat train performance and locomotive tonnage 


ratings a general-purpose machine, it can be 


ised also other data-processing 


preal 


work. 
REFERENCES 


Elect 


Diese] Motiv 
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Cockpit Television Set 


; 


An airborne closed-circuit television device that pi 


tures constantly for the pilot the exact location of his 
plane in relation to the 


I he called the 


automatically correlates information fed into it by navi 


ground has been announced 


device, Horizontal Situation Display, 


gational computers and instruments and presents 


television picture in the form of a map of the terra 


projected ove! the 


below the plane. A plane image, 
map, always corresponds to the pilot's exact positio! 
over the terrain 

Ihe electronic system was developed by Avion Di 
vision of ACF Industries, Inc., under contracts awarded 
by the Weapons Guidance Laboratory at Wright An 
Development Center, Wright-Patterson Air Force Base 
Ohio. It bed 


has been described 
} 
cant advances since the airborne computer in simplify 


as one of the most signif 
ing navigational problems for jet pilots 

The display permits the pilot to have before him a 
continuous and automatic pictorial presentation of the 
aircraft’s geographical position and flight track, thus 
eliminating the necessity for bulky charts and hand 


computers. 
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Pictorial Review 


Missiles Manufactured by 
Automated Machine Tool Line 


LECTRONIC CONTROLS run by Digitape, expected to play an important 
part in “crash” development programs such as that in guided missiles, Is 
explained by R. M. Russell (top left), Hughes Aircraft Company vice-pres 
dent and products group chief executive. He holds machined part used in 
armament control apparatus for U. S. Air Force all-weather interceptor, and 
points to standard blueprint from which tapes (unrolled on table) are punched 


One of the nation’s first all-electronicaily controlled machine tool lines (center 
left) embodies new technological progress in factory automation. Engineer 
Wesley Niemond is shown checking line of machine tools developed in c 
operation with Kearney and Trecker Corporation, Milwaukee, Wis. Working as 
a team, milling, drilling, and boring machines [left to right) pass parts along 
automatically after eacn operation has been completed. This enables Hughes to 

Deiroit’’ type production techniques for small job lots which constitute 
most industry machining 


Lights flash “thoughts” guiding automatic factory as engines 
Ben Suleski (bottom lef!) monitors computer circuitry of Hughes 
Aircraft plant in Los Angeles, Calif. A nformation sent to 
machines by new Digitape controls flows through this bank of 
contact relays and blinker lights, sharply redu 
blueprints to finished parts, thus speed 


na time from 


or 


aar 
vIOoOYU 


se m 


na up defen fe) 

Control cabinets for Digitape automated machine tool line 
{bottom center) shows at extreme right the master control pane 
which can start and stop tape read 


line. Next toward the left are four > readers that feed tape 


machines, and transfer 
nforma 
tion. Further to the left are controls 
information from the tape readers 
for machine movement and oper 
shown making routine drilling mach 


is Milling machine contro! cabinet 
g 


Technician (bottom right 
part for interceptor planes 
manufacture are: precision 
tapes and one operator 
tooling is approximately 
during production run (by splicing t 
orders quickly and economically 
justments to e variations 
Howard Hughes, company 
scientists were the only 


the success of the manufacture 
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AIEE in 
Lamar State College of Technology 


ON APRIL 14, 1955, the Boord of Directors 
authorized the establishment of the first Stu- 
dent Affilicte Branch of the AIEE at 
State College of 
Texas. At that time 


Lamar 
Technology in Beaumont 
the department numbered 
133 students with 9 seniors and 3 staff mem- 
bers. Of this number, 46 held student mem- 
berships in AIEE. Prof. L. B. Cherry 
the electrical engineering department 
counselor Today, the 
numbers 272 students with 39 seniors and 6 
staff members. Of this 52 ore 
dent members of AIEE. The present counselor 
is Asst. Prof. J. L 
Branch is 
the 


head of 
wos 
named deportment 


number stu- 


The activity of the 
the 


Cooke 


indicated by fact that for 


past two successive yeors they hove 


won the plaque awarded by the local branch 
of the Texas Society of Professional Engineers 
to the department having the best Engineers 
Dey exhibit 





ASEE Reports on 


Research in Engineering Colleges 


confidence 


between the Defense De 


educational Institutions search now under 


Many cuts remain unrestored, and some versities, at least $63 million is financed 


ew rograms are still uncertain by contracts and subcontracts with mili- 
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€ 


he task al 


ASEF 


s Committee 


of Engineering Facultie 


recommendations to 


Dr 





Electrical 
Engineering 
Education 


Di 

engineeril 

the Comm 
support ol ASK escat}r¢ 
hict 


the torm in whicl 


itmost mportance 


ponent 

mmittee 

res arct su 
yunount of research 
supply of indi 


necessary to 





pensively reproduced by students and 


Three Southern States 
. ‘“ : = ” teachers in tl sv 
Sponsor “Traveling Teachers se ; 
: After this intensive training course, the 


teachers, at of the 1958-59 
Three southern states—Georgia, South , sage 
schoo! yea l y isitt schnooirs in 

Carolina, and Tennessee—are spearheading 
~ 1 rrit ignments of 

science teaching In 


ing specially trained 


g m lecture-demonstra 
tours 
e Oak Ridge Institute of Nuclear 
Studies (ORINS). Oak Ridge. Tenn., has 


the departments of edu 


announcer na 


cation 1 tf tnr tz will sponso 


teachers t 


Engineering Institutes at 
The University of Wisconsin 


IIT Receives Grant 
for Faculty Development 


made appa 


have receis rom Shell 
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to J. C. Boyce, vie " n ademi nt we ' rit -ditor al 
ee ee Electrical 


affairs at ITT 


Shel Assist . ain {1 to enab il courses inci : 


creased 


Philip Sporn 
Fellowship Available 





Prof. Pumphrey Named 


Dean of Engineering at API 


H 


WwW. J. MILLER (AM ‘19, F °43, Member for 
Life), professor and head of the electrical en- 
gineering department, University of Alaboma 


Western Technical 
Writing Institute, San Marino 


Western Tec! 
WIiwl 1s 


ilif 957. Judged ‘ 
niversities, the WIWI's phy ’ ASSETS 


are infinitesimal. Its reputa 
tion has come trom } jualitv of instruc nm adaitK associated Standara 
is intended for ! ? levelopment d dissemination tior >) assist in mak 
indus of new knowledge in the field of electrical more value to 

has become en- second mile’ of professional obligation 


No electrical engineer can afford 


tion. Because instruction 
engineers, other professionals, and society 
trial executives, only night classes < 
All courses have been planned by J. L. 


re held engineering, the Institute 


gaged in efforts to raise professional stand- 
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recent meet 10. First-level degrees in engineering 
sjoard of Trustees. Yale will be awarded during 1956-57 constituted 8%, 
first-level degrees (estimated 


Board by Dr. Rupert of the total 
t 
, than 7 .6¢ ot 


oe the é J 


was acted upon favorably ata 


ing of the 


Electrical represented on the 


Wildt, associate professor of istrophysics 


Gage, treasurer, Yale University 
4 asters degrees 1 


: - 
Eneineerineg 9 wcs«. 
AURA, Inc Ss under contract to the é 
Ed ucation NSI ) blishment and manage ‘ ’ » ECPD x 
met I ional tronomical ob titut | ncrease 

» | «a 1 \rizona o 

additi« 

Calitor 

Mict 


mem 


ECPD Survey 
of Engineering Enrollment 


Union College Professor 
To Serve on EJC Committee 


ginec 
yrotessor and 


rical e1 


ECPD accredi 
Alumnus Presents Gift 
to Pratt Engineering School 


Yale University 
Joins AURA, Inc. : 
tu » ft ill of ( 4. W. Peterson, president of the Conti 
ocia I 5 tantially 0.7 ' nental Electric Compar of Newark, N ] 
has presented a check for $10,000 to the 
School of Pratt Institute, it 


Yale University | joined the A 
Engineering 


of Universities for Researcl in 
y tl 1956-57 academic year 
I by Dr. R. F. Oxnam pres 


Inc AURA according to 9. During e |] 
Waterman. dire« 27,748 first-level engineering degrees were was announced 

by ECPD accredited institutions ident of Pratt, recently 

This gift establishes 


awarded 
17.8°&% over the 
will be of help to many 


oon 
Astronomy 
rece ved by \ I 


tor of the National Science 


NSI from 
AURA, Inc. Inclusion of Yale 


word 
Foundation 
R. R. McMath, president of ’ a loan fund which 


University 1955-56 awards 


noteworthy increase of i 
students who 
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or 5 re displacement 


vectly under s Electrical 
Engineering 


Education 


Philadelphia Section Holds 
Successful “Students Night 


OAS Announces 


Fellowship Program 


AIEE-IRE Branch 
Honors Dr. Honnell 


DR. P. M. HONNELL 

(right), professor of 

electrical engineering, 

is presented with oa 

plaque by Dr. R. J. W 

Koopman (left), head 

of the department of 

electrical engineering 

ct Washington Uni- 

versity, during a re- 

er ial ) d cent banquet of the 

Ihe inscriptions on the plaque undet AIEE—-IRE Student 

the name Prof. P. M. Honnell, Ph.D., are Branch at the school 
in three groups. The first group consists located in St. Louis. 
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dents Walter Cox: Henry Hill, director MRI will conduct exploratory research in 


Electrical of auxiliary enterprises; Dr a - Bair fundamental microwave 


professor of Fnglish; Dr. ] lurston nam nonlinear and information net 


electron dy 


department of electrical engineer- \ and tl interaction between elec 


Engineering , and L. A. Edwards, superintendent tromagnetic fields and materials. The 
ey eee proj ill be a joint effort of MRI's re 
Education veh § 


it! rad 


MKS Svmbols for 


Magnetic Materials and Catalogs . 
- 5 Summer Program in 


Nuclear Energy for Industry 


Union College Alumnus 
To Return as Faculty Member 


lemson Establishes 


tudent Broadcasting System 


Sixth Session Underway at 
Argonne International School 


MRI To Use Grant 


for Electronics Research 


NA 
Suggs, Columb re hni ‘ i I istitu versity, State Co 


nimously accepted by an admit ra- Nuclear reactors, their design, construc 


committee, comprising Dean of I rt = the } he tion, instrumentation ind use are the 
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principal subjects of the unclassified 
course. Sixth session enrollment will bring 


@ 


to more than 350 the number of scientists 


and engineers who have received Interna 


tional School t ing. As the ] 


session be aration and 


a new group of scientists 


Opportunity is 
wisn training i 
researc! 

and 


Part 


procedures which are basic 


reprocessing oO 


The laboratory work performed includes 


to the entire 


Electrical 
Engineering 
Education 


reactor technology for large-scale experi 
ments in reactor engineering and 
‘ 


in prey 


reactor fuel 


United States Exchange 
Program Marks 10th Year 


\ 





THE AIEE Student Affiliate Branch was established at Lamar State Col- 
lege of Technology, Beaumont, Texas, in 1955 (see p. 431). Student 
Officers and professors shown above, left, are: (left to right) Mrs. Mary 
Politz, vice-chairman, AIEE Student Affiliate Branch; Loyd Hopkins 
(seated), chairman; Kenneth Moore, secretary, IRE; Charles Scott, secre- 
tary, AIEE; Prof. L. B. Cherry, head, department of electrical engineer- 
ing, and member of the National Student Branches Committee of AIEE; 
and Asst. Prof. J. b. Cooke, Branch counselor. Lamar State College is 
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supported by the State of Texas and is located in one of the largest 
industrial areas of the State. Its present pliant is valved at $7.5 million 
and definite plans have been made to enlarge it by $5 million within 
the next five years. Above, right: Students engage in laboratory experi- 
ments. The electrical engineering laboratories are housed in one wing 
of the new Engineering Building which was completed in 1951, the 
year that the College was established. 
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Electrical 
Engineering 
Education 


Plastic Models 
Available for School Use 


ONE OF A NEW LINE of clear plastic mathe- 
matical and mechanical models for use in 
high schools and colleges. 


138 


to “see” space relationships can be com 


pletely eliminated with these models 


They are hundreds of con 


figurations ther sing in integrated 


moderate their ac 
adaptability un 

to Physics Re 

P. O. Box 555 


Gordon Research 
Conferences for 1958 


Rese 


rence 
appli itlons 


cant must 


Conter 


February 


Requests for attendance at the Confer 
additional information 
should be addressed to W. G. Parks. Di 


rector, Department of Chemistry, Uni 


ences, or for any 
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versity of Rhode Island, Kingston, R. I 

From June 9 to August 29, 1958, mail 

should be addressed to Colby Junior Col 

lege. New London, N. H 
The Gord Researct 

Physical Metallur 

Ne Hampt 


Conterence on 


Penn State Offers 
Technical Writing Seminar 


Construction Program at 
Fenn College Accelerated 


Fenn ) rustees hav 


‘ ‘ " 
acceleration 1 St? milo 


program originally planned ir \ | 
Conversion of t orme Ohio Motors 
uilding on E. 24th St., Cleveland, Ohio 


proceed immediately, will be con 


by the Fall of 195 in time to 


pleted 
accommodate the coming enrollment in 
crease 

Iwo considerations influenced the 
trustees’ decision to begin the entire proj 


ect now, Pres. G. B. Earnest said. These 
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Graduate Study Program in 


Nuclear Science at Clemson 


Short Course in 


Operations Research at Case 


Special Summer Program 


in Switching Circuits at MIT 





AN ARCHITECTURAL RENDERING of the Model C Stellarator Project at Princeton University is 

shown. Scheduled for completion about 1960, scientists will conduct research on controlled 

thermonuclear reactions here. The master plan for the project was developed by Walter Kidde 

Constructors, Inc. (Kidde), engineers and builders, New York, N.Y., and Houston, Texas, under 

a@ contract awarded in 1957. Under the same contract, Kidde has completed engineering design 

of the office building and laboratory (structures in the foreground of the rendering) and the 

| boiler house and other service facilities. The rendering indicates approximate size and location 
synthesis of these two structures (in the top part of the photo) but does not attempt to depict actual 

Lectures will be given dail “| at design 
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scose takes no part 


Electrical gst ly pg enter 
Engineering : 
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Education 


Advisory Committee on 
Nuclear Engineering at LTI 


Intensive Courses 


in Industrial Engineering 


American Viscose Program 


of Aid-to-Education, 1958-59 


Colorado School of 
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INSTITUTE ACTEVEREES 


National Telemetering Conference 


[To Be Held in Baltimore, June 2-4, 1958 


THE 1958 Nat 


Ww 7 


Registration 


Inspection Trips 


the 
this cou 
peop icaving 
returning al 

Also on June 4, an evening trip has 
been scheduled to the Martin Company— 
prime contractor for the Vanguard rocket 
It is planned to view the extensive tele 
meter receiving and data processing sys- 
tem for flight testing. The trip has been 
limited to 150 people. 
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Entertainment Ladies Program 


TALOS, oa surface-to-air guided missile, is shown above being boosted to supersonic speed from 
its launching site at the White Sands Proving Ground. This missile, soon to become operational 
was developed for the Navy's Bureau of Ordnance under the direction of the Johns Hopkins 
University, Applied Physics Laboratory. Telemetered information from the missile to a receiving 
and recording station of the type shown below has made possible in-flight confirmation of 
performance and the feasibility of designs. Telemetering in missiles and industry will be dis- 
cussed at the National Telemetering Conference to be held on June 2-4, 1958, in Baltimore, Md 
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afternoon to the famous McCormick’s 
‘House of Spices.” 

On Wednesday there will be the usual 
coffee hour in the morning, followed by a 
luncheon and Fashion Show at the Green 
Spring Inn. There will be a bus tour of 
the Baltimore residential areas en route 


to the Inn 
High Lights 
Don't miss the Monday Lt 
which Gen Earle Cook 
nal Engineering Laboratory 
mouth, N. J., will speak on the 
ing requirements of the U. 8 
[he Tuesday Luncheon wil 
ighted by Adm 


Gordon Caswell 


retired, who will speak on proble 


nternati frequency allocation 


Banquet 
Mater 


evening the 
Adm. Blinn Var 


telemetering 


ana 
LSSR 


latter has been invited to attend a 


Great Brit 


is expected to present severa papers 


has been cleared by the State Departn 


Technical Program 


Advance copies of papers are not avail 


the Conference proceed- 
n 
| 
l 


ne ivallé 


ill i 
The tentative technical program 


iS [OllOWS 


Sunday, June | 


Regi 


Monday, June 2 


Morning Sessions 
Industrial Telemetering | 
hairman: W. E. Rufleth, Bristol Company 


Telemetering for Automatic Pipelines. F. | 
Long, Texas Eastern Transmission Corporatior 


A Noise-Operated Squelch Device for Micro 
wave Radio Receiver. - a ¢ ( J 
Stump, Baltimore Gas & Electric Con 

Diagrammatic Methods of Code Construction 


R. ¢ Clark, General Electric Company 


Audio Tone Control in Gas Distribution 


Menkes and Propper, Hammarlund Manufac- 


turing Company, Inc 


Two-Frequency In-Plant Carrier Telemetering 
System. F. W. Petit, E. P. 1. § Bristol 
Compan 


Pickups 
Chairman: W. Wildl 


Standards 


Absolute Calibration of a Capacitance-Type 
Vibration Pickup iW Koidar National 
ta a s 


Bureau of Stand 


An Electronic Pressure Gauge for 


Missile 
Telemetering. I}. L. Schwe Litton Indus 
aes 


Thermistor Probes for Missile Applications 
E. L. Jol / Be x Fr 


D sion 


r Instrument 


Telemetering Transducer Program at NBS 
( I } O. Sr } National Bureau 
tf Stam 


On Some Grounding Problems in Low-Level 
Instrumentation. /j. ( Cons ater 


ectrodyna 


Mobile Airborne I 
( airman: G. P. Stout Ac 
4 Six-Channel Airborne Strain Gage Calibra 


tor and D-C Excitation. R. H. Gablehouse 
( E. Ericksor Sandia Corporation 


Printed Circuit Packaging for Environmental 
Extremes. }i 4. Corr Radiation, Ine 
Airborne VHF Power Amplifier. WW) H. Swe 
Electro-Mechanical Researe Inc 

Voltage Monitor. G. M. Giannini & Ce Inc 


Miniature High Performance FM Receivers 
for Telemetry and Command Guidance. ( 
Roser Tele-Dynamics, Inc 


Telemetering and Data Processing in an Ex 
pendable Wind Sensing Instrument. / J 
t 7. &. @ Allied Research Associ 


Luncheon 


Afternoon Sessions 

Industrial Telemetering I 

Chairman: W. E. Phillips, Leeds & Nort! 
Companys 

Five Years of Research on Telemetering by 
the Electrical Measurements Laboratory of 


the University of Bologna. } Modor ( 


ersit f Bolo Italy 


4 Current Balance Telemetering Transmitter 
for Pilot Wire Applications. 7 Barabutes 
Westinghouse Elect: Corporation 


MARTIN COMPANY'S 
Home Office—prime 
contractor for the Van- 
gvard rocket. These 
plant facilities house 
the rocket assembly 
line of the Vanguard. 


Institute Activities 


Introduction of Supervisory Control into a 
Pulse Telemetering Time Division Multiplex 
System. W. FE. Rufleti Bristol Company 


A Telemetering System of High Accuracy by 
Vernier Methods. G. M. AKeyse The Hyvydre 
Electric Powe Cor ‘ t tari 


Medical 


hairman 


The Dynograph. fF 


mics, Ime 


The Monitoring and Recording of Physiologi 
cal Variables during Intra-Cardiac Surgery 
Using Extracorporeal Circulation ee Fe 

r, F H.W Ma ( 

Biologic and Physiologic Telemetering Appli 
cations. D. Morke { versit { Rocheste 

School of Medicine a Dentis 


Telemetering in Medical Operations 
Natio Inst te f Healtt 


Telemetering in Aortic Measurements. / 
s George Washir { ers Sct 


Medicine 


The Endoradiosonde. B 


i ite. Sweder 


Mobile Airborne Ul 


Chairman 
Labora 

The Evaluation and Prediction ef Cir 
Performance by Statistical Techniques 
larir a 2 4 Acronautical Ra 
I 


An &5-Mc FM Telemetering Transmitter. ]. / 
l rence ha M. Parsons Co " 


A Subcarrier Oscillator Calibrator 
4 erson, Wayne D. Patterson ( i 


A Precision Calibrator for PDM Telemeters 
H. J. WU Jr Vv Sar Pre G I 


The Terminal Ballistics Altitude Indicator 
I J. Enge An an M I 
Compal 

Temperature Considerations tm Missile Tele 
metry Packaging ’ ¢ I 


4 } i xase | 


Tuesday, June 3 


Morning Sessions 


IGY I 
Cha 


Sciences 


Bathymetry Telemetry j 

Scripps Institute of Oceanograpl 
California 

Microlock System. 1) C. Pilh 


fornia ‘ ute ¥ Techr og 


Instrumentation for Measuring Heavy Pri 
mary Cosmic Ray Flux in an Earth Satellite 
H. Pinckerne I it ¢ f Ru ad I he 
Martin Com HH n, Ria In 
Underwater-Acoustic Telemetering Mt 
Beckmar Lamor Geologica Obset 
Columbia lt 

Telemetering from Small 
Bettinge os ae 


at 


Research Rockets 


{ of Mar 


Data Processing I 

Chairman: K. Uglow. Ken Uglow, Inc 
Use of an Analog Computer in Evaluating 
Telemetered Information. K. S. Bonwit, Ap 
plied Physics Laborator Ihe Johns Hopkin 


University 


s 


A Technique and Equipment for Rapid 
Measurement of Error in Missile Data Re 
covery. R. S. Bark, I. Lar 
C om pany 

An Automatic Processing System for Tele- 
metry Data. G. E. Barlow, Australian Depart- 
ment of Supply 


Boeing Airplane 
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Automatic Digital Recording and Reduction 
for Telemetered Data. |] /] Fleming, lt s 
Naval Research Laboratory 


Design of Analog Filters for Telemetry Equip 
ment (s { "i D) ( I S € < Inc 


Luncheon 


4 c 4 
P 


IGY Ul 


( G ( 


Ray 


I Rex I 


Cosmn Telemetcring 


Radiatio 


lite 


Balance 


Instrumentation for 


Differential Magnetograpt 


s 


Telemeteris 


IGY Rocket 


k 


Data Processing I 


A Critique of Quick-Look 


Recording 


Devices 


4 New Graphical Format—EDVAP 


41 Comparison of FM 


niques { ( s 


Demodulation 


Tech 


Decoder 


4 Range Time 


R 


Magnetic Recording 


Evening— Banquet 


W elcome 


Address 


Wednesday, June 


Morning Sessions 


Transistors 
I k F 
Transistorized Current-Controlled 


for D« Excited 


} ‘ ( 


Oscillator 


Strain Gage Applications 


Thermocouple 


Differential Amplifier 
Lockhee f 


4 ( 


A Transistorized FM Telemetering Transmit 
tet ’ f f e E 


LU niversal Telemetry Transmitter 


i 


Transistor Airborne PDM System 
] Be x Avia ( 


A Transistorized Telemetecring 
for Data 


‘ 1 { s \ 2) 


Commutator 
Transmission. A 


Mobile 
( kK I Ww 


Ne Mi 


Systems I 


Some Aspects of 
Applied to 
E. L. Cox 


Common-Mode Rejection as 
Telemetry Systems. G. FE. / 


Radia I 


Spectral Characteristics of PAM Time-Division 
Multiplex Signals. /. J. D 
Aircraft Corporatior 


4 Pressurized Telemetry Package for the 
ICBM Program. G I Tisdale Electro 
Mechanical Research, Inc 


May 


1958 


ABERDEEN PROVING GROUND Ballistic 
with 
means of jocks operated hydraulically 


sonic flexible nozzle wind tunnel 


section 


High Acceleration Telemetry 


4 


ONERA Telemetering System 


Temperature Considerations in Missile 


metry Packaging 


Mobile Ground 


\\ \ WW 
Use of an Airborne Receiving 
Flight Test Telemetering { f 


An Application of Coherent 
Elex 


{ s r 


tron Trajectory Measurement 


Demodulation 


FM FM 


D } 7 


Antennas th Periodix and Pseudo 
yuency Independent Performance j 


( F 


The Ranee Resolver 4 Device for 
the Resolution of FM 
l <k \ ( “> 


Holloman High-Speed 
Telemetering. D. H. |} 
AFT 


Missile Test 


R IM H 


Afternoon Sessions 


Svstem Problems 
( I 


I) 


Mobile 


( 4 k. I Dvynar mE 


Systems Il 


Analysis of Interference in a Missile 
metering System. 4. / f L.M 
tron Co.. I 


Pulse 


High 
Ralph M 


Time Division 
New Approach to 


J. J. Grossman 


Precision 
Parsons Co 


Detection to ( an RK 


Research Loborotory s Mach 5, 
side wall 


13- by 15-inch super- 
removed. Flexible plotes are positioned by 
Typical calibretion device is shown installed in the test 


An Advanced High-Levei Instrumentation Svs 
Missile Applications Du 
4 { mor Hi <r 


tem for 


PCM Data Acquisition EPS 


Tek Advanced Techniques of Data Acquisitior 
Telemetering Problems for Interplanetary V« 


hicles F s { uM 


Thursday, June 5 


Station tor 


K 


Morning—Classified Session 


a 


Fre Bimonthly Publications 


Extending 
Telemeter Systems 


Track 


Width Modulation—A 
Telemetry. 





sued as official publications of the CIE 


Other subjects which can be dealt witl 


United States National Committee of — ee 
the CII ire ( red |} } Reporting 
Commission Internationale de lEclairage Secretariat 
Workl 


f 


NITED STATES 


esented 


eeing upon an 
recommendations 
¢ carried’ ot 
12 gir 
’ Report ( 
quadrenium | 
iw in Zurich, Sw 


sessions to 





Table I 


Working Party Chairman 





Table Il 





Reporting Secretariat Chairman S. Representative 





Membership in the American Institute of Elec- 
trical Engineers, including a subscription to 
this publication, is open to most electrical en- 
gineers. Complete information as to the mem- 
bership grades, qualifications, and fees may 
be obtained from Mr. N. S. Hibshman, Secre- 
tary, 33 West 39th Street, New York 18, N.Y 
Ichetchik (Israel 
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AIEE Future Meetings 


Great Lakes District Meeting* 
Kellogg Center 

Michiga State 

East Lansing 

May 7 


AIEE-IRE-ACM Western Joint 
Computer Conference (Exhibit)* 


H 


East Central District Meeting* 
P Hote 

H \ 
M 


Vermont Subsection-U of Vermont 
Power System and Computer Sym- 
posium* 


Materials Handling Conference* 
Ss ‘ H 
! 


Ma 


Appliance Technical Conference* 
Hotel M 
( 


uf 


ATEE-ISA-IAS-ARS National Tele- 
metering Conference (Exhibit)* 

I B e H 

B . 

] 


Summer General Meeting* 
H Ss 

B 

J 


AIEE-IRE Nonlinear Magnetics and 
Magnetic 
Exhibit) 
Ss H 
’ , 


Amplifers Conference 


AIEE-IRE-NBS Electrical and Ra- 
dio Standards Conference 


Co " NBS 


AIEE-NEMA National 

Insulation Conference 

Pick-Carter Hote 
eveland Ohio 


Electrical 


7-10. 1958 


+TP—June 9 
CPM Ju ; 


De} 


Petroleum Industry Conference 
Bake Hote 
Dall 


Power Industry Computer Applica- 
tion Conference 
ward Hotel 
Ont., ¢ 
5.87 ] | 
+7 P—June 
CPM 


AIEE-IRE 


Conference 


Industrial Electronics 


CPM 


AITEE-IRE-ASME 
Conference 
Statier H 
Boston, M 


Se 


National Power 


f 


AIEE-IRE-EIA-SMPTE 
Electronics Conference 
Hotel § 


{ 


National 
‘> 


Machine Tools Conference 
Ss H 
H 


Fall Ger 


Magnetism and Magnetic Materials 
Conference 


Hotel 


17-20. 1958 


tT P—Aug. 19, CP 


3, CPMs—Sept. 12) 


ATEE-IRE-ACM Eastern Joint Com- 
putor Conference (Exhibit) 
Bellevue-Stratford Hote 

Philade Iphia Pa 

December 3-5, 1958 

Final date for +*TP—Sept 

Sy? ept. 19, CPMs—Sept 


AIEE-IRE Global Communication 
Systems Conference 

Colonial Inn-Desert Ranct 

St. Pet Hur i 

Decen ’ i 

Fina ate for +TP—Set 

Sur ept. 19. CPM 


ATEE-IRE-ASOC-EIA National Sym- 
posium on Reliability and Quality 
Control 

Bellevue-Stratford Hote 


+7TP-—O 
29, CPMs—N 


Winter General Meeting 
Matie H 
‘, Yor 


South East-South Central District 
Meeting 


East Central District Meeting 
Ak Oo} 


\ 


North Eastern District Meeting 
H VTa s€ 

Svracuse, N. ¥ 

4 °9.Ma 

E 
=, 

Middle Eastern District Meeting 
I Balt e H 

Ba e. M 


“" 
+TP—Transa 
CP Syn.—( 
CPMs—Conferen 
DPMs—District 
District Pape 
rected ¢ the 


mittee 


Transactions and conference papers must conform to the requirements in Authors Guide 
For a copy, write to E. C. Day, AIEE, 33 W. 39th St., 


New York 18, N.Y. 
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Huntington, W. Va, Will Be Site Ladies Activities 


The Ladies Entertainment Committee 
— ° ° ° has planned an interesting variety of 
of AIEE East Central District Meeting ae and trips in additior mle the social 
al events already mentioned to which the 
i are invited 
luncheon and bridge party has been 
HUNTINGTON, W > tillmar gton Division manager enmedt ot <3 un 
the AIEE East ntral ict ‘ h valachisz Electric Power Com . 
Meeting May 13-15 


tington Woman's 


a 12:34 m I le 


at 
as toastmaster. Following . , _ Tickets 
I vill be a program of 
ding center rtainn to which all members 
hio—-Kentucky VIN and ecuests velcome li 


the center 


la Sector 


er 


General Session Luncheon 


nchneon 


Corps itior 
\IEF lison Medal fe 


Entertainment 
Inspection Trips 
ive hee nr i 


Member 


dinne! 


he Prix 


KYGER CREEK plant is 

seen from across the 

Ohio River. The Atomic 

Energy Commisssion 

supply plant, Pike 

County, Ohio, is oper- ro 

ated by OVEC. The to- iat office visitors 
tal power capacity of 1 “ ived 1 transmitted 
Kyger Creek plant is 1 

million kw. The second pho i transm 

largest steam electric i I 

plant ever built by Katser Corporati Wednesday, 8 a.m 
private enterprise, it Near Ravenswood W Va the Kaiser 
will be one of the in- Aluminum & Chemical Corporation is 
spection trip visits dur- constructing an aluminum producing and 
ing the AIEE East Cen- fabricating facility, which will be one of 
tral District Meeting. the largest integrated operations of its 
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GENERAL VIEW of Chescpecke and Ohio Railway's Car Location Information Center oat Hunt- 
ington, W. Va. An inspection trip is planned te the Information Center during the East Centra 
District Meeting of the Institute 


Hote! Reservations 


Hotel Single Double Twin Suites 


s . s $s $ 


States 


notified | t CLIC w nm ty hours hz t ip to 33 rit ) al I rati form i e sent w 


after : has moved « tl lines. In missior The coal stor: rd stores ap * meeting n For AIEE studet 


addition, the CLIC maintains a 24-hour proximately a million tons of coal l members and families of members 


7-day week tracing service for movement lion gallons of Ohio River water for con- will be no fee, but registration will 
information of cars located on or mov densing steam exhausted from the five required. 
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Committee Chairmen 


Ihe members of the East Central Dis 
trict Meeting Committee are: P. C. Kel- 
sey, general chairman; W. R. Wagner 
vice-chairman; R. D. Crippen, secretary 
\. R. Neal, Jr., boat trip; J. H. Reeves, 
inspection trip: R. W. Hinshaw, regis 
tration; H. C. Willey, technical papers 
Carl Latta, hotels; H. P. Hagaman, Jr., 
students; Jack Steelman, Jr., dinner and 
luncheons; Mrs. P. C. Kelsey, ladies; E. B 
Ellerbe, finance: and M. A. Fotos, Jr., 

iblicity 


Mailed Announcement 


\ mailed announcement of this meet 
ing will be sent to members in District 
No. 11. If a copy is desired by members 
in other Districts, please write to E. (¢ 
Day Assistant Secretary for Technical 
rOD, American 
Institute of Electrical Engineers, 33 W 
9th St.. New York 18, N. ¥ 


The tentative 


Papers and Programs 


technical program for 
the District No. 11 Meeting follows 


Tuesday, May 13 


11:30 a.m. General Session Luncheon— 
Georgian Terrace, Frederick Hotel 
Ul rman ] H Reeves 


Address of Welcome: Hon. H. L. Franke 
Ma Citv of Huntington 


DP* Address: “Today's Challenge to Engi 
neering Initiative,” J]. A. Hodnette, Westing 
se Electric Corporation 


2:00 p.m. High Voltage Transmission— 
Ball Room, Prichard Hotel 
Chairman: H. D. Stillman 


DP* Arrestor Standards and Development— 
Their Mutual Effect in Providing Lightning 
Protection. G. HV. ¢ per, Line Mater Con 


DP* General Design and Construction of 
Ohio Valley Electric Company 345-Kv Lines 
i. i Am an G al Elec 


97-1087 1956 Lighting Field Investigation on 
the Ohio Valley Electric Company 345-Kv Sys 
tem ]. G { é r ( é Electric ¢ 

GI 


1079 Factors Affecting the Lightning Pert 
formance of Transmission Lines. J]. H. H 
,G j ¢ GI 


2:00 p.m. Industrial Lighting—Room 208-9, 
Prichard Hotel 

G. D. W 
DP Fundamental Principles of Industrial 
Lighting. H. I I Holopane Company 
I 
DP Application of Super-High Lamps and 


High Frequency to Interior Lighting. W. H 
Jol Westing! 


DP Techniques of the Application of Mer 
cury Lighting in Industrial Areas. ( M 
( er, GE 


DP* Tailoring Fluorescent Sources to Indus 
trial Lighting Needs. 7. C. Sarger Sylvania 
Electric Products, Inc 


2:00 p.m. Cathodic Protection—Ball Room, 
Governor Cabell Hotel 
Chairman: L. S. Van Delinder 





* District Papers will not be printed by the 


Institute; however, they may be available at 
the meeting at the discretion of the author 
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DP* Cathodic Protection of Underground 
Structures. B. Husock, Harco Corporation 


DP* A _ Demonstration of Electrochemical 
Corrosion Reactions. Col. G. C. Cox, consult 
ing engineer 


Wednesday, May 14 


9:30 a.m. Induction Heating—Room 208-9. 
Prichard Hotel 

Chairman: N. A. Baker 

DP* Power Sources for Induction Heating. 
C. F. Schwan, A. J]. Humphrey, Reliance Elec 
tric & Engineering Company 

DP* Latest Developments in the Use of In 
duction Heating. Dr. H. B. Osborn, Jr., Tocco 
Div. of Ohio Crankshaft Company 

DP* Dielectric Heating—Progress in Profits 


through Losses. C. R. Looper, Allis-Chalmers 
Manufacturing Company 


DP* Design of Inductors for Induction 
Heating. ( 4 Tudbury, New Rochelle Tool 


Corporation 


9:30 a.m. A-C Distribution in Under- 
ground Mines—Ball Room, Prichard Hotel 
Chairman: A. C. Muir 


DP* Why Consider A 
ground. R. C. Berger, GE 
DP58-716 Power Distribution for A-C Mines 
4. ¢ Lord Westinghouse 


DP* Voltage 
J. A. Dunr 


Mining Under 


Regulation in A-C Mining 


Island Creek Coal Company 


DP* National and State Electrical Require 
ments for A-C Mining. C. Brown, U.S. Bureau 
of Mines: L. H. Harrison, S. Department 
of Inter ; 


9:30 a.m. Motors—Ball Room, 
Cabell Hotel 
Chaitman: J. G 


Governor 


Hawes 


DP* Silicone Insulation for Mine Motors 
L. A. Teichthesen, Dow Corning Corporatior 


DP* Motor Bearings and Lubrication. J. F 
Youch, Wagner Electric Corporation 

DP* Overload Protection for Electric Motors 
M I Cutler Hammer. Inc 


2:00 p.m. Application of Motors in In 
dustry—Room 208-9, Prichard Hotel 
( rman’ PD. A. F 


DP* Selection of A-C Motors by Torque Re 
quirements. C. H. / 2 GI 


DP* Selection and Application of Motors in 
Industry—Chemical Mining and Standard 
Motors. /F G | A Cl 





PREPRINT PRICES 


Me 
No 


MINIMUM ORDER ! 
unless accompanied by 


or coupons. All nonmember 


COUPON BOOKS in nine-dollar de 


nominations may be purchased 


NUMBERED PAPERS only are avail 


able 


SEND ORDER and remittance to 
AIEE Order Department 
33 West 39th Street 
New York 18 N.Y. 
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DP* Reversing Eiectronic Drive for Auto- 
matic Feed Applications. B. B. Finigan, Re 
liance Electric & Engineering Company 


2:00 p.m. A-C Distribution in Under- 
ground Mines—Ball Room, Prichard Hotel 
Chairman: D. F 
DP* Operation of an AC Mine. C. L. Sarff 


Hanna Coal Company, Division Pittsburgh 
Consolidated Coal Company 


Hamilton 


DP* Operation of an A-C Mine. Chester 
Conrad, Consolidated Coal Division, Pittsburg! 
Consolidated Coal Company 


DP* Operation of AC Mines. W. Painter 
Jov Manufacturing Company 

DP58-714 A-C Powered Mining Machines 
R. M. Buckeridge, Goodman Manufacturing 
Company 


2:00 p.m. Communications—Ball Room, 
Governor Cabell Hotel 

Chairman: A. (¢ 
DP* A PBX Telephone Switchboard for Dis 
patching Service. F. Tret Bell Tel 


phone Laboratories 


Porter 


DP* New Electronic Techniques in Com 
munication. P. W Sinse Chesapeake ar 


Potomac Telephone Company 


DP* Some Features of Data Transmission 
R M Beer i 
pi 


me Companys 


Chesapeake ane Potomac Tele 


2:00 p.m. Telemetering Systems—Mezza 
nine, Governor Cabell Hotel 

Chairman: Ronald Hively 

DP* Today's Industrial Telemetering Sys 


tems. Herman Wittenberg, ¢ 4 Corpora 


DP* A Reverse Application of Storage Type 
Telemetering. F. W. Denr Cincinnati Gas & 
Electric Compar 


DP* Telemetering Kw-Hr for Use in Tie 
Line Load Regulation Hayle J 
I i e Gas & Electr Company 


Thursday, May 15 


9:30 a.m. The Coal Industry—Room 208-9 
Prichard Hotel 

Cha d j. C. Norton 

DP* Underground Lighting, Today and To 
morrow. F E. Havener, D 4. Gree M 
Safet 4 nce (¢ nas 


DP* Application of Electronics in Coal Min 
Re Sur erg -( 1 Cor 


ing Hi 


DP* Accelerated Testing of Mining Machine 
Cable. WW. G. D a, \ 

n Stee ®& Wire D 
9:30 a.m. Safety—Ball Room, Governor 
Cabell Hotel 
Chairman: Jack M 


DP* Some Aspects of Safety in the Use of 
Electrical Equipment in Coal Mines. L. H 
Har n, U. S. Department of Interior 

DP* An Evaluation of Safety Performance 
W. H. Bra ] E. I. DuPont de Nemours 
& Co Inc 

58-715 New Data on Resuscitation. Dr. Peter 
Safer, Baltimore Cit 


Hospitals 

DP* Electrical Shock and Its Effect on the 
Human Body. P. FE. H 1, Appalachian 
Electric Power Compar 

9:30 a.m. Distribution of 
Room, Prichard Hotel 


Chairman: S. R. Pritchard 


Power—Ball 


DP* Application of Distribution Overcurrent 
Protection on AGKE System. T. J. Meler, 
American Gas and Electric Service Corporation 
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DP* Load Switching’s Future—Unlimited DP* Economic Load Dispatching with Com 
J. B. Castle, S&C Electric Company puters. R. FE. Gilbreath, Westinghouse 


DP* Bus Plus Supplementary Regulation DP* Engineers, Computers, and Time. J. § 
Offers Economics over Individual Feeder Reg . nternational Business Machines Corp 
ulation. H. E. Lok Westing! se 


DP* Application of Digital Computers to 
Cooling Tower Problems. / is Gausmanr 


” Powe & I r ( 


2:00 p.m. Power Cables and Connectors— 
Ball Room, Prichard Hotel 
Chairmar H. H. kK 
DP* Application of Digital Computers t 
DP* Recent Developments in High-Density System Planning Problems { F. Ga elle 
Polvethviene Insulating Materials Hi. Kre Gc. w Stag Ame n Gas & Electric (¢ 
Bake e { r 7 

DP* Aluminum vs Copper for Industrial 

j / e, H.1 2:00 p.m. Voltage Stabilization—Room 
Kaiser A & Che ( : 208-9, Prichard Hotel 


DP58-713 Design of Aluminum Connectors ( H 4 
‘ ; } I } 


} ( 


Cable Applications 


DP* Solving Voltage Problems in Industrial 
( H é P 


> A md 4 
DP58-717 A New ACSR Splicing Method Plants. | . 


DP* Power Supply for Automatic Processing 
The Voltage Dip Problem I 
2:00 p.m. Computer Applications—Ball de F n ¢ 
Room, Governor Cabell Hotel DP* 
GS. 


Switching Motors ith Capacitors 


N. I k r j ' (,F 


Program Announced for 


Panel Discussions 


Western Joint Computer Conferencce Tecedev. Mav & 


) 
1HE PROGRAM Wears — —s one 2:00 p.m. Logical Circuitry for Transis 


( es : : ; a oles ele on . ot ‘ . ntilanes tor Computers 


Wednesday, Mav 7 
9-00 a.m. Contrasting Tools and Terct 


niques for Simulation 


sr 


Panelists 


ACM Symposium Exhibits 


2:00 p.m Active Elements for the Ma 


chine 


anelists 


or ( a c 
Research Corp i a 
guage, Datamati 1 odel 10 Conference Committee 2: p.m. Command Structures 


RCA 


output systen nd Stromberg arlson o1 I he mmittee of the 195 I 1 WwW F rr Ur 
! ma itl 


their charactron output devi The aft Joint Computer Conteret 
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Panelists: 


E J. C. Shaw, A. Newell, The Rand 
oration; H. A. Simon, Carnegie Insti 
of Technology 4 Command Structure 
omplex Information Processing 


ge and MIT 


omputer for 


Rand Corpo 
a Hypothetical 


stem for Con 


Thursday, May 8 


9:00 a.m. Logical Design Methods 
M Amdat Aeronutror 
I 


Panelists 


2:30 p.m. Very Large Files 


> 


Panelists 


Technical Sessions 


Tuesday, May 6 


2:00 p.m. Special Devices for Computers 
MicroSADIC, A High-Speed Data Preparation 
System with Variable Format Output. R 
Ry FlectroData. chairmar 


A Computer-Integrated, Rapid Access, Mag 
netic Tape System with Fixed Address. R 


5 ¢ I I 


A Device To Facilitate Combined Analog-Dig 
ta! Operation in Small Computing Installa 
tions B Sci f B Me 


Direct Access Photomemory—Part 1, Prototype 
Marhine System; Part Il, System Considera 
tions. 4. Cr Pi IBM 


Wednesday, May 7 


9:00 a.m. Digital Computer Systems 1 


( > - n. UCLA 


The Flow Diagram Approach to Computer 
Logical Design Using the NCR 304 as an Il 
lustration Hu ? HW. OF D. I 

A ( R r Com ny 


Cascaded Variable Cycle Control as Applied 
to the 220 Computer E. L. Glase Electro 


The RCA 50/—A Transistor Computer System 
s. E. Poorte, A. 8. Kranzley, RCA, Camd 


The Remington Rand Univac M-460 General 
Purpose Digital Computer D. Troti Ww. M 
Thorn Sperry Rand Corporation 


A Special Purpose Solid-State Computer Using 
Sequential Access Memory uv 4. Cornell 


I Laboratories 


Thursday, May 8 


9:00 a.m. Digital Computer Circuits 


Chairman: S$. Ruhman, Packard Bell Computer 


Corporation 


A Direct Read-Out Bistable Circuit and Some 
Applications of It. H. Rodriqu le Nivranda 
Philips Research Lal Findhoven, Holland; J 
Rudici Amperex Electronic orporatior 
Flow Gating iN op pe zum, Univer 
Illinois 


Minimum Transistor Logic Modules for Ait 
borne Digital Controi Applications { 
Land Jr Minneapolis-Honevywell Regulat 
Compan 


Design and Application of a Transistor-Mag 
netic Bi-Logical Computer Element at One 


Megacvcle R. Ang W. Dunne o. Es 
"7 Svivania Electric P ts, Ir 


High-Speed Circuit Techniques Utilizing Mi 
nority Carrier Storage To Enhance Transient 


Response I 


9:00 a.m. Special Devices II 


Cha ul [. Leonde UCLA 

The Design, Reading Methods, and System As 
pects of the HD File Drum y. ww. ¢ 
Labora vf k 

Transistorized Modular Power Supplies for 
Digital Computers ] Hi NIF ¢ 

The Dynamics of 


ation 


Toggle Action 
Da DD f B " 


The Shiftrix—Machine Organization for High 
Speed Digital Computation. G. Estrin, UCLA 


A Hybrid Data Processor with Magnetic Tape 
Input and Direct Pictorial Output. H. M 


Katner S H 


Foundation 


Armour Researct 


2:30 p.m. Digital Computer Applications 


Chairman: R. Minnick, ElectroData 
A Chess Playing Program for the IBM 764 
1. Ber ’ Vl i J I er I i 
Mi. Be IBM 


Applications of Digital Computers to Prob 
lems in the Study of Vehicular Traffic. 1 
Hoffr R. Paule Wavne State niversit 


The Role of the Digital Computer in Me 
chanical Translation of Languages. D. / 


( W ashingtor 


The Application of Large-Scale Electronic 
Computers to the Assignment of Telephone 


Facilities MoDrande IBM 


An Experiment in Mechanical Searching of 
Research Literature with Ramac. F. + 
IBM 


2:30 p.m. Digital Computer Systems II 
( " ' P I 


Communication between 
, | , { 
Stuart- 1 A 


Felemeter Magnetics, I 


Computers 


The Universal Data Transcriber 

, I 5 \ Pro g { 

\ 

Va 

4 Universal Computer-—Language Translator 
B. FE ¢ Elect Enginee g ¢ 


( 


4 New Type of Computer Oriented Toward 
Spatial Problems. S H. [+ Be lel 


Labo 


The Magnetic Ledger Card Computer 


H Ca R ( 


Buffalo and Niagara Frontier 


Hosts for Summer General Meeting 


BEGINNING 


gh June 
Meet 


H 


vided 

system cadist! 

This statior still in 
units witl output of 80,000 kw 


cycles. As a matter of fact, one of 


Institute Activities 


Technical Program 


nnica 
try Indu 
Svstems, and Mining 


Three sessions ea ontrol 


and a joint session by Industrial Powe 
Systems and Mining and Metal Industry 
is planned 


The Committees in the Science and 
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Fiectronics Divisio 
sions on Nucleonics 
State Devices, Magnetic 
Metallic Rectifiers 
sessions on Comy 
on Dielectrics 


Other sess 


Social Activities 


rating Stations 
on the Niagara 
this river one 
hydroelectric 


photo) 


Air Transportation Conference 


In conjunction with the Summer Gen- 
eral Meeting, the Air Transportation 
Conference will be held. One of the most 
important conferences ever held on elec- 
trical design aspects of air transportation, 


it will cover both commercial and mili- 
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SEEN IN THIS AERIAL PHOTOGRAPH are Ontario Hydro’s twe Sir Adam Beck-Niagora Gener- 
ating Stetions on the Niogora River. These plants, together with the associated pumping— 
generating station help to make the Niagara one of the greatest sources of hydroelectric power 
in the world. The 750-acre reservoir and the pumping—generating project and power canal can 
be seen in the upper center of this picture. The 392,000-kw Sir Adam Beck—Niagora Gener- 
ating Station No. 1 (lower right), had nine units completed by 1925 and a tenth added five 
yeors later. At one time, it wos the largest hydroelectric development in existence. Immediotely 
to the left of Sir Adam Beck No. 1 is the completed 900,000-kw, 12-unit phase of the Sir 
Adam Beck—Niagora Generating Station No. 2 where construction work is now well advanced 
on the installation of four additional units, two of which have been operating since December 
1957. When completed in 1958. the No. 2 station, together with the No. 1 plant and the 
pumping-generating station, will have on installed capacity of 1,762,000 kw 


Guidance—The Engineer's Responsibility 


An Appeal to Members of AIEE from ECPD 


ENGINEERS ger I vare of ment (ECPD) |} 


tance that ! play wu I al vork 


engineering graduates into 


fession 


Our economy and our ational defense plement 
need engineers 1 Wil mrt to need roots evel It is 


them over tl vez in it ing num guidance work is 


bers. Engineers have an obligation to their committees mn 438 
profession and a continuing responsibility of Columbia have been organ! 
guidance committees work directly 


hools, counseling students 


to interest qualihed young people in sec- 
ondary schools in entering the engineering j the high x 
; 


profession to study mathematics and the sciences and 


The Guidance Committee of the Engi- 
neers’ Council for Professional Develop- 


urging those who show the necessary apti- 
tudes to consider a career In engineering 
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proyects 


a 


ers 


ence tairs 


The state guidance committees carry out 
eir objectives through a wide variety of 
talks 


student 


and programs, through 


nd panel presentations before 


roups and assemblies and before teach 


vocational counselors, and parents 


rough inspection trips and the showing 


f appropriate technical films; through the 


yromotion of engineering clubs and sci 


through individual counseling 


myriad other activities. This 


hrough 


rt by engineers for their 


profession 
a professional activity which is 
particular 

technical specialties. Ratt 


nded to tavor 


directed toward st 
ng profession so 
to the task of keepi: 


progress forward 


moving 
LUISE not all higl 
ne necessary 


S necessary to intel 


engineering 


Matteson, California 
Bush St., San 


Vil—Robert 
Research Corporation 


Region 
200 
Francisco, Calif 

Region VIII—-€ I 
State Board of 


Engineers 


Svensen secretary 
for Profes 


Aus 


Registration 
sional 308 West 15th St 
tin 1, Texas 

For the Regions 
United States—R. } 


Foundation 


outside continenta 
Shaw, vice-president 


Ltd 


Que 


Canada, 
Montreal 
P.O. Box 


Company of 
Sherbrook St Ww 
Canada; and M. W. Ball 
Honolulu, T. H 


1900 


$256 


Symposium on Computer 
and Electrical Systems in May 


Burling 


Subsect 


Vermont 
Vermont 


sponsor a 


won ot 
Sympos im 


May 15 


iectrical Systems 


Thursday, May 15 


1:30 
Lounge, 


p-m Afternoon Session—Student 


Waterman Building 


G. B St 


Welcome Address: FE. R. Mckee eal 


g { Verm 
The Digital Computer—Your and 
Servant G ¢ M H 
R { 


Friend 


Some Utility Problems Solved on Large and 
Small Computers. / We . Ir 


Bu ss M ( IBM 


6:30 p.m. Dinner Session—Faculty Dining 
Room, Waterman Building 
( “ H ! \ 

AIEE 


" . 6 \ 
What's Ahead in Computers. /. F. B 
IBM f er et “ 


( nite 


Friday, May 16 


9:00 Morning Session — Student 
Lounge, Waterman Building 
MckKibber es 


mpany, pres 


a.m. 


G. M 
Power ( g 
What's Ne in Distribution. R. F. Le 
Westinghouse Electric Corp I 


Some Fundamentals of 
Planning. F. C. Van Wi 
Compat 


Distribution Systems 


General I 


Distribution 
IBM 


Applications of Computers to 
System Problems. /. 1. R 


1:30 Session—Student 


Lounge, Waterman Building 


p-m Afternoon 


Hodgma New Eng 


N. G 


Power Grid. 


Vermont 
eT Pu Se ri ( 


Design of Vermont’ 115-Ky Transmission 
1. H. Roge Pub Se ( ur f New 
Ha hire 


Computer Application 


" a nge 


“Meet the Engineer” Sponsored 
by AIEE Philadelphia Section 





Hoover Medal and John Fritz Medal Presented 


bi 
ae seh 
to 


AT THE National Convention of the 
; American Institute of Mining, Met- 
allurgical, and Petroleum Engineers 
(AIME), in New York, N. Y., in 
February, the Hoover Medal 
presented (phofo of left) to Scott 
Turner (right), former director of 
the U.S. Bureau of Mines, by W. L. 
Cisler, chairman of the Hoover 
Medal Board of Award. The award 
is sponsored jointly by AIEE, AIME, 
American Society of Civil Engineers 
(ASCE), and The American Society 
of Mechanical Engineers (ASME). 
Photo at right: J. R. Suman (ileff), 
of Houston, Texas, receives the 
certificate of the John Fritz Medal 
for 1958 from L. K. Sillcox, chair- 
man of the John Fritz Medal Board 
of Award. This award is also spon- 
sored by AIEE, AIME, ASCE, and 
ASME. Both Mr. Turner and Mr. 
Suman are past presidents of 
AIME. 


wos 
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Atlantic 
Corpora- 

Lt ident of 
Telegraph Com- 


AIEE and ASME Presidents 
To Speak on “Functional Plan” 


AIEE and 
American 
ASME 


mal Organiza- 


W 5 ret pI dent of 
t of The 


Engineers 


Society 


New York St t 
Engineers May 8-10 1958. Visitors 


welcome at the luncheon on May 9 


the two Presidents speak 


The discussion will center around the 


1958 


MAY 


Lamme Medal for 1957 
Awarded to Dr. H. S. Black 





DEMOLITION PROCEEDINGS at the site of the new United Engineering Center, United Nations 
Plaza from 47th to 48th Streets, New York, N. Y., are witnessed by AIEE President W. J. Bar- 
rett (second from left), president of United Engineering Trustees, Inc.; and W. H. Byrne (lef?) 
general chairman of the Greater New York City Commerce Campaign for funds for the new 
Center. Razing of the present structures was completed in late March and actual groundbrecking 
for construction is expected later this year. Construction of the new Center, to be financed by 
anticipated contributions of $5 million from industry and $3 million from membership subscrip- 
tions as well as an estimated $2 million from United Engineering Trustees, Inc., assets available 
for real estate purposes, will take slightly over two years. The new Center is expected to be 
ready for occupancy in the Fall of 1960 





Paper Prize tor his paper on “Stabi 
Feedback Amplifiers.” He was hon will be 


n 1940 by the National Association an additional feature of the program Annual Meeting 
nufacturers as a “Modern Pioneer For the first time, through a technical 


ing field. Displays by 40 leading manu 





facturers in the magnetics field 


Annual Meeting of the Amer 
recognition of distinguished Electrical Engi: 


Buffalo, N. ¥ 


conference, the AIEE will offer a scholar 
nent in the field of science and ship n the name of the author of the best 
He was aw ded the Jol n udged technical papel preset ted to the 
Wetherill medal « ie Franklin I 


tor 


nw ondavy. Jur 
il inl € SIL ot ! s ct ri¢ 

s technical conti ons 
long distance : 

A Certificate of Appreciation Reports by Subcommittees of 
} I my he Wa 


in 1946 


Rotating Machinery Committee 


M 


1958 Nonlinear Magnetics and 


Magnetic Amplifiers Conference 


\TEI 





AT A RECENT MEETING (above, left) of the AIEE Lehigh Valley Section 
in Allentown, Pa., the main speaker was T. H. MacCauley, who spoke 
on “The Engineer's Place in the Community."’ Mr. MacCauley (left) is 
shown with R. B. Roush, Allentown Division manager, and ‘‘friend,"’ 
Ben Franklin. Above, right: W. F. Mackenzie, chairman, Prize Paper 


Committee, AIEE Lehigh Valley Section (right), presents certificates to 
1957 prize winners (left to right) C. A. MacArthur, C. W. Watchorn 
and W. R. Smith, third, second, and first prize paper authors, respec- 


tively. The presentations were made at the recent Allentown Division 
meeting. 


154 Institute Activities ELECTRICAL ENGINEERING 





Meeting 


his gre 


PRIC ALI 
AFETRS 


* fr 


f 


50-Year Member Honored 


at Michigan Section Meeting 


AT A RECENT MEETING of the Michigan Section of AIEE were: (back row, left to right) J. W 
Eakins, Section secretory-treasurer; B. H. Schneider, Section vice-chairman; H. M. Hess, Section 
chairman; R. E. Albrecht, program chairman; (front row, left to right) J. C. Langdell, specia 
guest honored for his 50 years’ membership in AIEE; J. C. Mackie, main speaker, Michigon 
State highway commissioner; and A. Yarmy, administrative assistant to Michigan State high- 


way commissioner 


Recent Activities of the 
AITEE Philadelphia Section 


p to I ope as 


r of the t Association ot Edisor 


Illuminating Companies—-Edison Electric 


Institute Committee on Extra High Volt C. S$. SCHIFREEN, Philadelphia Electric Company, received his Fellow Diploma at the March 
ige Research meeting of the AIEE Philadelphia Section. Shown (left to right) are: L. R. Gaty, Philadelphia 

Mr. Schifreen said that although high- Electric Company; Mr. Schifreen; A. H. Kidder, Philadelphia Electric Compeny; and 8. H 
voltage cable research was turther ad- Zacherle, United Engineers & Constructors, Section chairman. 
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and resistors, photosensitive glasses, and 
pyroceram which currently is being used 
° . in missile nose cones 
Conference Papers Open for Discussion Dr. P. W. Schafer, executive director, 
Television Division, Walter Reed Medi 
cal Center, addressed the January main 
Section meeting. Dr. Schafer described 
the facilities in use at Walter Reed and 
the present and proposed programming 


Conference papers listed below have been accepted for AIEE Transactions 
and are now open for written discussion until May 27 Duplicate double 
spaced typewritten copies of each discussion should be sent to E. C. Day, Assist- 
ant Secretary for Technical Papers, American Institute of Electrical Engineers 


act BC > ' : o7 
33 West 39th St., New York 18, N. Y., on or before May 27 plans. He stated that color broadcasts 


5 +4: . - ia re ~inne nemitted to othe . 
58-144 Treatment of Hydro Capability Duration Curves in Probability Cal were now being transmitted to other Gov 


culations. A. 1.. Hicks ernment medical facilities in the Wash 

58-167 Performance Computer for Steam-Electric Generating Units—Part I. en a iy cain rgemagaes Shager 
1. J. Hornfeck, T. §. Imsland 

broadcasts to medical installations located 

58-168 Evaluation of Combustion Control—Load Control Tie-In Equipment at in the country’s metropolitan areas. Dr 

Niles Station of Ohio Edison Company. R. H. Travers, D. B. Zelenka Schafer further stated that color kinere 

H. A. List, C. Nichols 


plans were under way for a series of 


; 


cordings would be made available to per 
58-207 Operating Experience with West Penn Power’s Economic Dispatch Com sonnel in medical installations located in 
puter. W. R. Hamilton, W. H. Osterle remote areas of the world so that they 


58-211 Internal Oxidation Mechanism for Nontracking Organic Insulations. could keep pace with advances in medi 


R. §. Norman, A. A. Kesse cine and surgery 


Also, the following technical papers which were not so listed on the AIEF 

Winter General Meeting and the Middle Eastern District Meeting programs J . 
respectivels Conference on Electronic 

58-1 End Component of Armature Leakage Reactance of Round-Rotor Gen Standards and Measurements 

erators. R. T. Smith 

58-576 Electrical Features of Eddystone Station. F. B. She } The AIEE Electronic and High-Fre 

quency Instruments Committee, under the 

Reprints may be purchased at 40¢ each to member to nonmembers chairmanshi f Ferdinand Hamburger 

if accompanied by remittance o coupons. Please order \ imber and send rving of a confer 


mittance to AIEE Order Department 33 West 39rl { F York 18, N. y¥ . _ t hye held ir 
1958. Other 








Professional 





of the Institute 
ind the Radio 
he National Bu 





he Confer 
nd Meas 


paraile 


Boston Section Meeting 


velopment 


ot 


aurect 
Papers 
more 
ind measuremet lical sessions 
neg prepared ruidance ot 
Faston, chai t ne Technical 
Progran Commit I Eastor the 
AIEE representatiy tl General At 
rangements Committ I ilso. serving 
on the Advisory Committee for the Con 
ference 
Technical sessions of the Conference 


will cover the following subjects 


1) The relationship of standards to 
physical constants: methods of using physi 
AT A MEETING of the AIEE Boston Section on February 11, 1958, were: (left to right) J. C. cal constants to express primary standards 
Hitt, Section vice-chairman; P. L. Bellaschi, consulting engineer, speaker for the evening; and the determination of important physical 
W. F. Burt, secretary—treasurer of the Section. In his talk entitled ‘‘Power Transmission at the constants by exploiting existing standards 
Extra-High Voltages—Developments and Trends,’’ Mr. Bellaschi discussed developments in the 2) Frequency and time interval stand 
extra-high voltages in the United States, Canada, and abroad with special attention to the ards 
selection of voltage, choice of conductor (single and bundle), insulation levels of line and ter- 3) Direct-current and low-frequency 
minals, the application of terminal equipment (transformers, lightning arresters, etc.), protec- standards 
tion, the right-of-way problem, and other factors which determine the cost of transmission (4) Radio-frequency standards: measure- 


and the operation of the system at the higher voltages. ment of voltage, current, power, imped- 


Fay Foto Services, Inc 
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Presented 


R. D. BARRETT Uef?) 
chairman of the Mem- 
phis (Tenn.) Section of 
the AIEE, presented o 
Fellow diploma to C. L 
Osenbaugh (right) of 
the Memphis Light 
Gas & Water Division 
at the March 18, 1958 
Section Meeting 





Texas Engineers 
Discuss AIEE Proposal 


Dr. Kaplan Speaks at 
Los Angeles Section Meeting 


AT A DINNER MEETING sponsored by the Aircraft Division of the Los Angeles Section of AIEE 
were: (left to right) M. J. Cronin, program chairman; Dr. Joseph Kaplan principal speoker 
H. A. Lott, chairman of the Section; E. D. Barcus, vice-chairman of the Section; and (seated 
C. N. Parker, chairman of the Riverside—San Bernardino Subsection 





generally believed that the sun is the 
key to the use and control of outer space. 

Dr. Kaplan stated that a very sophis 
ticated program is being planned for the 
future based on the research studies of 
he past 75 years. This program will in 
clude a greatly expanded study of cosmic 
rays, which was a major research prob 
lem this year. It is also believed that re 
search will be carried on in fields un 
known today 

Many questions were answered aftet 
Dr. Kaplan concluded his talk and it was 


stated that recovery of satellites from a 


height of 3,000 to 5,000 miles is possible, 
if needed. It was stated that in a great 
many cases such as photographing of 
cosmic rays, recovery is desirable. It was 
further 


calculations were in error, many were 


pointed out that where some 


very accurate. The calculation of temper 
ature ranges within satellites was found 
to be extremely accurate 

Ihe IGY Committee, of which Dr Kap 
lan is chairman, is very pleased with the 
United States progress in satellites and re- 
search studies of the 1957-58 geophysical 


yeal 


AIEE FELLOWS ELECTED 


Board of Directors Meeting, February 7, 1958 


Howard Allan Chinn (M ‘45), chief en 
gineer, CBS Television, New York, N. Y 
has been transferred to the rrad of 
Fellow in the AIEE ‘ for his contribu 
tions to the development of measuring 
and monitoring equipment 
and video broadcasting ld Mr. Chir 
as born in New York on Janu 
1906. He joined ¢ 
and S.M 


Institute of 


legrees 
Technology 

research associate for 

1ation. At CBS, he 


tions leadit 


posit 


} 
hiet engineer il 
administration 

developn and construct 


video, and associated facilit 


and television 


recordi gz plants 
and animated 
1946, he was 
basis only to pe 
ar work. From 1942 
is technical co-ordinats 
lio Research Laborator 
iVETsity inde 
ise Research ( 
is consullant with ti Qthce 
Development 


Defense Re 


Researct 


and Deve op 
a Presidential Certifi 
he second highest award 


ivilians. In 1950, he received 
Potts Memorial Award for 


H. A. Chinn 


hievement in 


Chinn 


outstanding ac 
audio engineering. Mi 


ow of the Audio Engineeri 
the Institute of Radio Engineers, t So 
cietv of Motion Pictur na Television 
Engineers, and t oustical Society of 


America. He 


engineer in ti it t York at 


otessional 


Connectic 


VISIOI Fr ne neg one of 


in the McGra Hill television series. and 


€ i rt more than papers 
in contemporary 


proceedi gs 


Joseph Bolen Epperson 


Charge 


person 
May &, 19 


0 I ennessec 


graduate of e Capito adio Enginee 


ing Institute Washington, D In 1931 
he | an gineer ot Sta 


tion WNOX, knoxville 


vas mace chet engineer tor 
Howard id During World War 
Il Mi pper sas a member of 
Dr. W. I 


Group at the 


SCTIpps 


Operational Researct 
Pentagon in Washington 
Among other thin he was co-author of 


Radar 
Radar 


rs 
Electronic Fundamentals and 


System Engineering He has 


Madison Geddes 
J. B. Epperson 
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written several technical articles for Elec- 
tronics and other engineering publica 
tions. From 1944-46, he was with the 
Engineering Products Division of the 
Radio Corporation of America at Cam 
den, N. J. In 1946, Mr. Epperson returned 
to Scripps-Howard Radio Inc making 
his headquarters Cleveland, Ohio. He 
supervised the uuilding of Ohntos first 
licensed tefevision station—WEWS—whict 
was placed in operation 1 1947. WCPO 
rv and WCPO-FM, Cincinnati, Ohio 
began operation in 1949. He was made 
enginecring 
Howard in 1956 Mi 
currently chairman of the National Asso 
ciation of Broadcasters (NAB) Engineer 


ing Conference Committee, chairman o 


vice-president tor SCTIPDpSs 


Epperson 1s 


the Technical Committee for Maximum 
I elecasters MSI 

the Board for MST, ar 

Board for the Television Allocat 

PASO). He 


professional engineer 


SETVICE 


Organization 


Columbia and 

nessee Alpha ( 

He is a fel 

Eng 
ot 

vineers 

ind asso 

of Federal Comn 

Engineers. M Eppe 
AIEE Television 
g Systems Comr 

194 


tandarads 


AIEI 


Arthur McCredie Harrison (M 
ive! airge olating ap} if 


Westinghouse 
Pittsburg! 


m 
nology in 1926. Atte 
the Westi Lise 


Course and ter in 1926 was employe 


Graduate Student 


In tne c engineering department of the 


Transportation and Generator Division 


A. M. Harrison 
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C. b. Osenbaugh 


Chester Lamott Osenbaugh (AM 

$4 lirector of the Ff 

Memphis Lig! 

Caty of 

ferred t¢ 

AIEI 

achrevements 

constructior am yperat it an ectric 
utility system Mr. Osenbaugt was born 
in Ottawa, Ohio, April 8 903. He re- 
ceived the B.S. degree in E.E. in 1927 and 
the E.F 
University. From 1927 to 1932, he was 


degree in 1931 from Purdue 


May 1958 


C. S$. Schifreen 


Clement Solomon Schifreen (AM 


{ cable an nsulatic end 


1901 


Lehig 


Univer 

tela 

Pennsylvania Society 
gineers, Philadelphia Eng 
ternational Conference on Large Electric 
High-Tension Systems CIGRE Frank- 
lin Institute, Institute of Radio 
and other technical groups. Mr. Schifreen 


Engineers 
has been employed by Philadelphia Elec- 


tric Company continuously since 1923, 
except during 1937-38 when he practiced 
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M. C. Westrate 


Westrate (AM 


Corporat 

equency 

engineer 

neer in tne hnical section 


assignme 


various 





electric system planning and devel and built Radio Station WHTC. In 1951 
nt. Most of 1943 and 1944 was spent he 


he war effort as chief engineer fo1 ates which had succeeded The Commor 


returned to Commonwealth Associ 


inication Equipment and Engi wealth & Southern Corporation engineer 


g Company working on many ing department, serving first in system 


inication problems and _ particu planning work and as head of this depart 


he production control of airborne ment, then as assistant chief electrical 


nae for the ILS system used on all engineer, and now as staff consulting en 


United States bombing planes. He ginee! He has been responsible for the 


esponsible for the design of test long-range planning of several electric 
which was a major factor it systems, including some of the largest 


for th j 


9 t possibie for e company t« ones ind tor the development ot eco 


production schedules at a_ very nomic dispatch and dispatch 
Mr. Westrate is a 
erintendent for the Ci ( ( \ Radio Engineers and the Nationa 

ot Profession Engineers. He has 


Engineering Cor 


computers 


member of the Insti 


time. From 1944 to 1951 


4« 
s and ts chat 

gram Commit 
District 
i May 


Lakes 


AIEE PERSONALITIES 


J. E. Housley (AM ‘19, F 
Life veteran district | 

Compat y I erica § ! t appr ea ¢ et consulting 

H. L. Melvin (AM 

Life wi conti 


pal a vere 


B. Smith (AM 


the 1 


t. Mead W 


ar- 


Kearney (AM 
Specia Devices 


J. W. Horton (AM 
1950-52 
Instrument 


Prizes (1956-5 


W. R. Ellis (AM '40) and W. H. Hamilton 
M '55) are two of the six engineers and 
scientists ot the Westinghouse Settis 
Power Division who have been 
Order if 


Atomic 
awarded the Westinghouse 
Merit for their 


submarine 


Fundamen outstanding work on 


sonal as “a scientific achievement atom projects and the 


importance and significance Dr Shippingport atomic power station. M1 
is serving on the AIEE Board of Ellis is manager of the power plant sec 

niners (1950-58) tion, Shippingport project, and Mr. Hamil 

ton is manager of the S3W and S4W 

Kempf (AM '45) 
Coast Division of The Thomas & 

Betts Company, Elizabeth, N. J 
appointed vice-president in charge of the 


Sta-Kon Division 


manager of the projects 


has been Waldo Porter (AM ‘44), northwest power 
manager for Aluminum Company of 


America, has been appointed production 


160 Institute Activities 


assistant in the company’s Smelting Divi 
sion. Succeeding Mr. Porter was W. E. 
Lawton (AM ‘48, M '54), chief electrical 
engineer at Wash 
works. Mr. Porter has served on the fol 
Chemical 


Alcoa’s Vancouver 


Institute Committees 


rothermal Ap 


lowing 
Electrochemical, and 
plications 1946-5 dust! Power! 
Rectifiers (1949-58), ar 
Svstems (1950-55 Mir 
the Industrial Contro 


54 


N. McClellan (AM 


assistal 


pment 


Mr. McCl 


D. H. Levy (AM 
Mag 4 P 


Angus MacDonald 
M 


A. R. Teasdale (AM ‘43, M 
AVIONICS Temco Aircraft 
Dallas 


newly created post of director of advanced 


Texas, has been named 


technology. Mr Teasdale is a member of 
the AIEE Feedback Control Svstems Com 
1952-58) 


mittee 


AM °35, M °43), research 
Tocco Division, Ohio 


Cc. A. Tudbury 

engineer for the 
Crankshaft Company, has been appointed 
chief engineer of the New Rochelle Tool 


Corporation, New Rochelle, N. Y. Mr 
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ludbury is set I. T. Corbell 
Heating Ce nicrowave é 


H. J. White (M 
] ' 


ind deve pment 


Boring 


4. Speakman 


Stephen Chaika 


ot “ ( 


\ 


A. %. Dana 


Ke ( 


Norton 


H. F. Herbig 


M 


Bartles 
I 


A. Gilbert 


AV 


Hamann Cc. H. Bartlett 
" . f e™M 


t¢ 


M Ha 


Met 


Ww 


St 


ites Stee 


Coleman Ww. F. 
Ap} s€a ib I harge 
has been promote om cdivisior f « Cha ers 


the Electromect 


sion 


AM 


Eagan (AM 


Mar 
Wis 
of the 


the 


tac 


wauket has 
to director 


for 


enginect cor 
velopment served on AIE 
Corporation Committee 57 


\MIAY 


1958 


Murray (AM 


Ss 


AM "5! 
rineer manager imp 
am bridge 


nager 


William 


Olsen 
ot r ait 


1M 
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AM 


Sw 


R. I 
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kK. R Ep le 


Ne ( 
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Comfort Avery Adams 
I M I 


Kay Profe 
Emerit 


sultant 


trol 
r a 


F Metalli 


is 
who 


American 





From 1920 to 1923, he served as assistant 


professor of electrical engineering. He 
later held teaching posts at Polytechnic 
Institute of Brooklyn and Massachusetts 
Institute of Technology. Dr. Eshbach’s ex 
perience in industry included service as 
an engineer wath™the Bell Telephone Com 
pany of Pennsylvania and the American 
Pelephone & Telegraph Company, New 
York, N. Y. He was dean of the North 
western University Technological Institute 
from 1939 ¢t 593 and was acting dean 
from 1955 Eshbach was a 
mem be! Society for En 
ineering 


Eta Kappa 


C. A. Adams 


Webster Com 
Company 


Boston 


am Franklin Black (AM 

enginee! Pacif (a 

an early “nth she was born on Decembe 
lexas. He re 
’ = ceived aey I FF from I he 
the ritis stitution of Rice Inst t 


iwineers and the Societe Fran 


Promotior 
was also a 
Texas, in 1927 
From 1928 t 7 > was emploved by 


Mexi 


Mexi« Following this, he 


lectriciens. Dr. Adams was or The Power Company 


rst president of the American Ltd 
AWS it 
recipient of its Miller treal Engineering 
the AWS 
so organize Company Alu 


Welding minum Company o an: t Alu 


honorar\ worked for several firms including Mon 
Company, Ltd The 
Venezuela Power 


Compan Ltd San 


Electri¢ Light 


Salvador ig 
vears. he had beet minum Laboratori td.; and pt and 
Instit 
\ 


Medal 


The latt on r vn William 


per | I t etirea’ electrical engineer! 
oneerin chievemer t 


F. Gilman (AM ‘17. M 


ned e¢ (;ilma was Dorn on 
Mt. Vernon, Maine 
tl Massachusetts 
an electrTica 

1906 to 1907 

Electrical and 

Panama and 
position with the Canal Commis 
ees : gion i Panama. Returning to the 


, : -s, he was engaged 
on the 


Machiner\ lectr t Insu! 


some vears 


interests 


China for 


Ovid Wallace 
Mem be } 

the Cay 

Hyannis 

Gilman 

uated in 1915 fror ehigh affairs 

He received the 

from Lehigh and the D.Eng. degree 


Robert Howes (AM '01, M ‘11, F 13, Mem 
1948. He also received a doctorate in ber for Life Seattle 


Wash., died recently at the age of 82. Mr 


consulting engineer 
from Ursinus College in 1939. Dr 


began his teaching career in 1916 


Howes was born July 29, 1875, at Dennis 


structor in engineering at Lehigh Mass. He received the B.S. degree in E.E 
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from the Polytechnic Institute of Brook 
lyn in 1897, and the M.E. degree from 
Cornell University in 1898. He was em 
ployed by several companies 
the Washington Water 
Spokane 


including 
Power Company 
Wash., before becoming a con 
Howes was a mem 
Seattle En 


sulting engineer. Mr 
Rotary Club. the 


gineers’ Club, and 


ber of the 
the tt ction of 
he American Societs 
Ray Stevens Hoyt 
ver for Life reu 


Chatham, N. ] 


George Whelpley Millican \M 


gineeril 


Jack Ralph Poore 
engineer les 


Engine Ts 


Thomas Raymond Watts 


senior enginee! 


pow 
made 
high 
} 


condenser bushi 


Watts was aoing im 


portant insulation development work in 


three vears Mr 


the switchgear long range major develop 
ment department particularly in connec 
tion with new applications of the die 


lectric gas sulfur hexafluoride 
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OF CURRENT INTEREST 


Fast Recovery Silicon 


Diodes in High-Volume Production 


SILICON 


prope 


expioitatior 


stand on 


revolution 


must have tie at exter 
in e industry realized bevond the limits of norma iong-esta 
analysis. Specifically, the best silicon idustry 

W 


were be 
laboratories Ut! nited Stat rials 


However, some 
that it was not enough t 
had to t a degree of 


hat the crystal 
be purified until it has only one part im 


single but that it 
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a superior grade of chemicals which now 
are called “semiconductor grade,” with 
greater purity than the previous chemi- 
cally pure materials available. The in- 
dustry can be proud of that. 

One might very well ask whether there 
are any problems still unsolved in the 
technology of preparing silicon for semi- 
conducting devices. The answer is that 
during the last few years, considerable 
effort has been concentrated on what is 
considered to be the last major problem 
to be licked before silicon is considered a 
foolproof and readily manufacturable ma- 
erial 

4 troublesome characteristic of silicon 
persisted until very recently in that when 
the silicon is heated to elevated tempera 
tures during the manufacturing process 
of a device, it loses minority carrier life 
time—a valuable electrical property. The 
indicates the 


minority lifetime 


distance an electron travels in the material 


carrier 


ore vecoming 


[his reduced lifetime has the effect of 


trapped by an atom 
liminishing the amount of current that 
a transistor can handle inasmuch as the 
urrent is lost in transit through the 

deficiency in silicon has been par- 

circumvented in various ways by 
rnate device technologies but the ab- 
| 


SOULE 


maximum of utilization of silicon 
still requires that the 


solved 


ifetime problem 

Significant breakthroughs in 

have appeared. It now is assumed 

continued effort one will be able 

hat silicor n all of its properties 

under control, and cz > made by pro- 
’ 


m methods ill the most ex- 


requirements of device. Thus 
ements for 


material 


ndous progre 

problems al 
| potential l 

and there 


Scientihe rese 


Hughes Ai 


HOT RIDE on moving belt through electric 
heating coil of partly assembled semicon- 
ductors insures good electrical connections in 
the tiny devices, which replace conventional 
vacuum tubes in electronic circuits. 
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fast-growing semiconductor industry has 
been intensified to such a degree that, at 
least in the previously mentioned case, an 
important new product has been intro- 
duced to volume production within six 
months after its conception 

Dr. D. M. Van Winkle, head of semi- 
conductor research and development for 
Hughes Aircraft Company, Culver City, 
Calif., told a press conference recently 
that “we cannot afford to spend years in 
a laboratory to come up with a new 
product.” He cited the case of a fast re- 
covery silicon diode now in heavy produc- 
tion at the company’s Los Angeles plant. 

About two years ago, it was determined 
that there was a growing need for just 
such a device in the company product 
line. The firm’s laboratory was put to 
work and, within six months customers 
were offered the newly developed diode 
to use 

Dr. Van Winkle told business, financial, 
and trade writers that so rapid 1ave been 
technical developments in silicon diodes 
transistors, and rectifiers that a whole new 
line of these tiny products has been made 


available to industry in less than 4 years 


During this period of remarkable 


Control System for B-58 


growth, scientific advancements demanded 
by the industry of its suppliers have had 
far-reaching effects in the metallurgical, 
chemical, and pharmaceutical fields, as 
previously mentioned 

Dr. Van Winkle disclosed that a pro 
gram to 
from which to make crucibles 


obtain higher purity quartz 


vas under 
taken and that its success led to the 


present high-volume production of silt 


con semiconductor devices 4 goodly 
amount of credit is due the efforts 
Hughes Research Laboratories 

To a great extent they 
neers in a new frontier ot 
nology and, as a consequence and w 
the tremendous efforts of manufacturin 


technological personne ave producec 

more silicon semicondu 

any other company 

silicon applications 

tant products 
Laboratories 

advanced 

' 


advanced deve oping 


still mor mues for sti 


more adv conductor applica 


tol n naustr I i military, as we 


Supersonic Reconnaissance Bomber 


THE SUPERSONIC B-58 


world's fastest bomber 


Hustler the 
was de veloped for 
Air Force for the primary mis 


pbombin recon haissance 


turbojet 
TP " } 
equaity Sill pp iv) } the can 
l cameras, 


countel 


Virtually ar 
Hustler requires 
pilot, navigat 
sive systems erat ! 1s capable of 
altitudes and speeds (Mach 2) far beyond 


5 


those of any bomber now in existence 


details are 


classified, it has been revealed that it pro 


Although performance 

a greater gain in top-speed advan 
tage over the atest operational bomber 
than that bomber had over the Wright 


brothers’ airplane! 


Control System Development 


Ihe problem of controlling supersonic 


1949 under a U.S. Air 
} 


flight was begun in 


Force research contract by Bendix Avi 
ition Corporation’s Eclipse-Pioneer Divi 
sion, Teterboro, N ] 


bilities of a 


to explore the possi 


system that would make 


possible manned flight at about three 


times the speed of anything then in the 


The objective was a flight-control sys 
' 
tem that would control an airplane under 


all flight conditions. These included com- 


binations of low and high altitude, sub- 


sonic, transonic, and supersonic speeds 
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changes 
center 


at 


Hustler carries 


sence of ar 


maneu 
tations oO 


augmentati 


PLANE PLOTTERS flight-test the world's fastest 
“‘pilot,"" of automatic control system at the 
Eclipse-Pioneer Division plant, Bendix Avia- 
tion Corporation. The engineers in the 
analog-computer facility are connected by 
headsets to @ laboratory mock-up of the 
Hustler. 
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AIR RAMS equipment has been put together just to simulate mechani- 
cally the forces exerted by air on the contro! surfaces of the supersonic 
8-58 Hustier bomber 
240,000 pounds per square inch against the trailing edge of the wing 


The row of hydraulic octuators slams oa force of 
(left above). The enormous external force must be overcome by the 
Hustler's automatic ‘power thinking 
Bendix 


the supersonic jet thousands of hours on the flight control test rig shown 


control system. Engineers of the 


Eclipse-Pioneer Division Aviation Corporetion, hove “flown 


Model 


POWER-THINKING STEERING is done by Bendix Aviation Corporation 
engineer who holds the stick of the automatic control system developed 
by the supersonic 8-58 
Hustler. The stick is connected through a unique linkoge system that 
will facilitate ao further step inte space in manned aircraft by trans- 


company's Eclipse-Pioneer division for the 


lating motions of the stick through its electronically and hydraulically 
actuated circuits inte delicate control-surface motions adjusted to vary- 
ing flight conditions 


Surface Actuation 


Studies Save 


Money in Designing of Flues 


AMERICAN INDUSTRY is keer 


! e proptiet 


n ment are ser 
prevents either the 


automatic through 


iman pilot fron omman g efhciency 
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from 
cyvcione-tvt 


electrostatic 


urre? 


” itor 


‘ 


Many tvpes of 


mechanical collect« re from 1 to 40 microns 


collectors to | } An electrical laboratory and 


precipitators lepartment as been operated by Re 
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4 
DUST SEPARATION PATTERNS in exit flues 
show areas of low velocity and high turbu- 
lence. Gas is introduced from the precipitator 
by turning vanes. Precipitator part of model 
does not operate and is included in models 
only for its effect on gas flow, and pressure 
drop. 


MODEL COMPONENTS are cut and assembled 
from Plexiglas sheets. Technician at right is 
completing a model of a fan housing and 
five 


SMOKE STREAM introduced over bearing of 
rotary air heater shows turbulence because 
of void around bearing. Streamlining the end 
of the bearing to reduce turbulence will be 
investigated. 


AIR FLOW is improved after two revisions: 
eliminating the sharp angle between air 
heater and flocr of flue and by installing a 
perforated plate in the five. The void on flue 
floor is eliminated and flow is much less tur- 
bulent. Perforated plate straightens flow be- 
fore it hits plate in front of precipitator. More 
uniform flow to precipitator will improve 
efficiency 
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search-Cottrell, Inc. (R-C), Bound Brook, 
N. J., since the discovery of electrostatic 
precipitation as a useful commercial proc- 
ess 50 years ago. Refinements in electrical 
precipitation have been made constantly 
by laboratory work, pilot plant studies 
and field testing until precipitation efh 


ciency of over 90% is common and a tew 


r 


have reached 99.9 


However precipitators have always 


been sold on a “flange to flange” basis 


In fact, all parts of a power plant are 
purchased as separate units 


The precipi 
tator manufacturer usually submits a bid 
on the precipitator only. He does not de 
sign the flues leading to and 


from the 


precipitator and hi no authority and 


ORIGINAL DESIGN of flue section between 
air heater (right) and precipitator Weft). Only 
perforated plate is used immediately before 
precipitator. Smoke leaves air heater floor at 
an angle set by angle of heater floor. Void 
space near floor of flue is observed. Air flow 
is turbulent and uneven because of shock 
flow caused by drastic change in cross sec- 
tion and angle of flow. 


THIS MODEL was built to determine the best 
flue design for a precipitator to be built in 
limited space between existing equipment. 


COMPLETE MODEL includes air heater (eff), 
inlet flue, precipitator with three sections of 
plates, and collection hoppers underneath, 
outlet flues to stack. Smoke pattern through 
precipitator is uniform. Smoke has not trav- 
eled through air heater which introduces un- 
even and turbulent air flow. 
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only limited influence on fiue design 
In some cases, he is shown the flue de 
sign and designs the precipitator large 
enough to make up for turbulent flow of 
gas into the unit 

The precipitator manufacturer does not 
have any say in the design of major 
equipment directly preced ng or succeed 
Inasmuch as éach 


ing the precipitator 


manufacturer wants to take up as little 
space as possible and submit the lowest 
possible bid, short ducts and sharp right 
angle turns are the 

The best way to 
means ot 
Ras 
ve 


i 
— o 
ieee I 
a com 
TECHNICIAN in model shop uses a standard 


medical hypodermic syringe to ploce small 
quantity of special plastic solvent in joint 


Joint will set up securely enough to handle 
in 15 minutes 


ROOM AIR is induced into the plastic model 
(center) of precipitator with air heater and 
flues by a 5,000 cfm fan driven by a 25-hp 
motor fon scaffold). Velocity and pressure 
readings in the model are obtained by a pre- 
cision micromanometer (on table at right) 
and pitot tube. Smoke to observe flow pat- 
terns is generated by gas tank and equip- 
ment at left. Model partially shown at left 
can be connected to fan by short length of 
duct. 
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that it is 
pres 
1 inch 


These R-C€ 


to design 


models have shown 


possible flues to reduce 


t 


sure loss from 4 inch to over 


w.g.). 
Increasing Cafx Precipitators. By 
bringing the g cleaned to the 


manner 
distrib 


precipitator in a more uniform 


vithout turbulence and evenly 


over all he plates, two 


I 
to =precipitator design are possible ise 


ited ipproaches 


#f smaller precipitators to attair iven 


emhiciency, a rger volume | 


treated 
and the 


onger 


EFFECT of a variation 
forated plates on gas flow through the pre- 
cipitator is determined by a velocity traverse 
across the precipitator plates 


in placement of per- 
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build up at the plate. Studies are now 

being made of the jet effect of the slot. 
Studies of models built to 

date costs are nominal 


can 


costs of the 
that the 


in comparison to the 


indicate 
benefits which 


accrue from such studies 


4 model can be built in 6 to 8 weeks 
preliminary drawings have been pre 

“ers study flow pat 
threads, ribbons 


Most 
smoke 


flow pattert 
Anemome 
are used to take 
measurements 


odels by 


AM) cim 


Jet Engine Test Flight in 
ARDC Propulsion Wind Tunnel 


portion of 
into 
Various iment condit 
Propulsion Wind 
fi 


positioned in a vawed 


innel, the engine 


ht” may be tilted up and down. or 


attitude to simulate 


the same conditions it would undergo in 


free flight. Possible loss of an ex 


actual 


pensive aircraft and crew is eliminated 


and valuable data can be recorded to 
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2 Future Meetings of Other Societies 


| Air-Conditioning & Refrigeration Insti- 
tute, Annual Meeting, May 4-7, The 
Homestead, Hot Springs, Va 
Pennsylvania Electric Association 

Section, Communications 

Spring Meeting, May 5-6 

View Hotel, Greensburg 

Newhard, 901 Hamilton St 


Engineering 
Committee 
Mountain 


Eng g Section, Electrical Equip 
ment Committee Spring Meeting. May 
Lodge, Skytop, Pa. P. H 
Robbins, Metropolitan Edison Co 
Box 542, Reading, Pa 
The Institute of Radio Engineers 
Professiona Grout on Microwave 
Techniques, 1958 National 
May 5-7, Stanford Univ 
G. H. Keitel, GE 


lifornia Ave 


8-9. Skytop 


Theory & 


2 Bradbury Rd 
American Institute of Mining, Metal 
lurgical, & Petroleum Engineers, Inc 

l'rar am Se ¥ : Ar Uran 


Dayton, Ohi 


ASME 
EjC 


S New 


American Welding Society, S$ 


$.A.MLE 


“ 


EIA 


425 New Y k N. ¥ 

6th Annual Technical Writers’ Institueec 
e 9 R » P ect Ins 

I N. ¥ K , k 

P Ins Trov, N. ¥ 


Pennsyivania State University 


ine - 

Foreign 

1958 British Electrical 
7, Belgiun 

The Institution of Electrical En 

Internationa Convert Be Microwave 


Conference, May 
gineers 


Va s. Mav 4-2 Engla 
World Assembly of Association of Engi 


neers & Architects in Israel, May 29-]une 


CIGRE, !7th Biennia m ine 4-14 
France 


7th International Exhibition, 
| 


Inventors 
6-29, Belgiur 


Organization for Stand 
Meeting, June 9-21 


International 

ardization, Trienn 
gland 

5th International Electronic & Nuclear 

Energy Exposition & Congress, | ¢ > 
Rome. Italy. Becker & Becker Asso 
utes, 300 Park Ave New York, N. Y¥ 

International Electrotechnical Commis 

sion (TEC Annual meeting, Ju 16 

Stock? 1€ 

( t et 

ards Associa 5 t. New Y 

7. N.Y 

2nd International Conference for Analog 

Computations, Sept 7 Strasbo 

France F H 

Deieg reneral de 

national pour le Calcul Analogique, « 

S.E.A., 138, Blvd de Verdun, Courbevoie 


Seine France 











problems on equipment already “in shoes.” As the helicopter eased into posi radar, or other external conventional 

with operational flight units tion, the “shoes” clamped over the ‘feet’ methods of 
addition to the transonic circuit of each new section and held rigidly marily 
which has a velocity range of 350 to 1,100 until it could be bolted 


navigation Developed pri- 
for use n nuclear powered 
missile-launching submarines, sins derives 
mph the facility has a supersonic arcuit In two other recent SCE construction 


| information from complex arrangements 
under construction) which is designed for jobs woode! distribution poles tully of gyroscopes and accelerometers and is 
a speed range of 1,000 to 3,300 mph Both equipped will rossarms and insulators therefore nvull bi KN I means 


cuits are part of the Unitary Wind Tun were set entirely by helicopter of enemy counter! 
an of the United States and feature In the Le Cumbre Peak area nortl The Compa l 


ions 16 feet square and 40 feet of Santa Barbara, 20 poles were set in 


t year ago to speed ¢ 

at permit testing of fi al ) hour of operation. Sim lr igation system 

ramjet and turbojet in ilar] ve time-saving figures are ‘ of submarit 

in pods, nacelles, fuselage tor expected to emerge from another pre 
+} | 


as they will be in actual flight setting operat now under 


high Sierra 


{ 16.000 


Heli opter Erects Power 


. - . ° sma 
Line Transmission Tower 


$49 


Polaris Missile Subs 


Achieve Pinpoint Navigation 


USING S-58 helicopter, SCE tows assembled power 
poles (left) to prepared holes at rate of 20 poles an 
hour. After landing “Snowman” (below) at 10,000 
feet elevation, helicopter leaves to ferry other hydro- 
graphers to various snow-survey points. Section of 
transmission tower (right) is lowered into specially 
designed ‘‘shoes"’ until bolted. 


fadierfoto 
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Static Firings Viewed 
£ 


Te \ 
iy Ha 


Whe, rua 


ROCKET TEST site 


closed-circuit television 


technicians clean dust and dirt from Hallamore 
camera mounting at Aerojet-General Corporo- 
rocket engine test facility in Secramento, Calif 


part of a system of 36 complete camera-receiver 


tion's The comere is 


built by 
Ancheim 


chains 
The Siegler Corporation's Hallamore Electronics Co. division 
Calif., and installed to monitor hazardous static rocket firings in the 


iquid- and the solid-propeliant rocket plants 


MONITORED from o blockhouse at Aerojet-General’s rocket engine test 
facility are static 17-inch Mode! 
MRI7BR master largest ciosed-circuit 
television 


firings of rockets over the screen 


control receivers; one of the 


systems in the nation. Made up of 36 complete comerc- 


receiver ‘chains,’ the Siegler Hallamore equipment features all-electri- 


col camera controls at the viewing site, ao two-way built-in 


system, ond the transistorized Model CC420 camera 


sound 





Radiation Device 


for Cancer Treatment 


frame 


assed’ tissue 


point of both beam 


when the frame is 


the diseased tissue 
every point ina 
; 


ting the diseased 


nents 
es i ing tissue and 


azimuths periscope vy small 


technical chall ig t le The 
The per OT il } it f sigl t 


preset : tive amount 


machine is 


ip throug! 


i 
overlying sea 


ical arc of radiation 


erratically twisted 


and deflected b wave slap and hvdro 


dynamic forces. Measurements of machines whose 


cayed to the 


astro 
nomical accuracy must be conducted from point 
a moving platform. 


May 
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+HU-«legree circle 
tissue 
amount of radiation while the surround 
skin receive a 
designed so that the 
bulk of the weight is close to the mechan 


and can use sources from other teletherapy 
radiation levels have de 
where 
longer practical for use in the original de 


Dual Picture Television 


Transmission Developed 


Mai 

m thi mannertT 

yived 180 degrees 
i 


despite wide variations 


receives radiation from and, therefore 


i t 


permit automatic it diaphragm lens control 


to receive a large The new television transmission systen 


called BI-TRAN now makes it 


compara possible to transmit 2 programs 


taneously on any television char 


most important to remember that thi 


) system is compatible, to the extent that it 


It can utilize sources will not disrupt standard television broad 
of either radioactive cobalt or cesium-137 


casting iil id a new service to it 


without additional television 
channel space 
they are no transmits 


different programs at the same time. In 


This multiplexing system 


Of Current Interest 469 





BI-TRAN transmitting and receiving systems 
for simultaneous broadcast of two programs 


MULTIPLEXING system showing compatability 
of method for use with standard television 
broadcasting. Polarity reversal of one of the 
signals is effected in the decoding box at a 
rapid predetermined rate. 


otner program being 


versed 


at a rapid predetemined rate. In tele 


| 


vision, polarity reversal means that black 


} 


beeomes white, and white becomes black 


With BI-TRAN one program is visible 


on the television screen as usual I he 


periodically — re 


1 in phase, cancets it and 1s 


endered it | 


lo view tl 1 i I i specia 


decoding ul ul t receive! 


vate 
screen al the 


nHnecomes visit 


incels 

ty for 
participate 
i is offered 


loca 


personnel 

he consumer 

ons stockholder 
functions hecome 
Grow Government | military 

requirement ul ty ] already tight 


commercial allocations problem 


VY TEST SETUP of new BI-TRAN system. 
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with the channel teature. Observers 
would be to inspect maneuvers tak 
ing place any part of the country 
Intra-service communications of 
hed nature would possible 
ved persor S 
these commut 

Civil deten 

iN ‘ 
millions 


Revita 


Continuous Casting of 


Tough Pitch Copper Cakes 


metal 
unusually 
surtace uniiorm 
rolling. These 
ity improvemet coppel sheet 
and strip 

The Asarco « 


In concept ind 


technique 1s 
iionary in 
It eliminates bat : g in costly 
stvle individual metal molds | 
small bottomless vater-cooled 


mold. Molten copper is poured continu 


ously into the mold cavity, is cooled so 


rapidly that t solidifies as it passes 


through the mold, and emerges trom the 
orifice as a smooth, dense copper cake 
The mold the y element of the 
process. It is only 15 inches deep, but 
it has been designed by Asarco engineers 
so that it has a heat dissipation rate of 
about 1,500 hp. This is believed to be 


the highest heat capacity per square inch 
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ilt for 


ig. The 
molten 


COMMERCIAL UNIT to cast tough pitch copper cakes in excess of 160 tons of copper per 8-hour 
Molten copper from holding furnace (center) flows into 


shift is installation at the Asarco plant 
the special pouring ladle and through the distributor into the mold. Operator in the electronic 


control booth governs the entire casting operation 


Advance in 


Gyroscope Accuracy 


Aircraft Running Lights 
Identified for Moon Watchers 


into the ol ’ 
wearing of certain 
ter ! fOLOV format Rotation bearings 
Hutt he New e Company 
accom plished DY mez | 


of the being 


Departur 


tric motor and gear 


housing 


y 
Ss 
> 
Rotorace 


is evaluating 
i mis 


iz great 


Sperry 


rT 


white 
On some 
on others they « 
l I naval 


many aircré applicatio 
red light i systems requir 

ra wit I . increase 

tists a 


rotating 
Scie! 


» not 


seq uence 
added that 
h com 


equipped 
mounted on the fuselage 


re 


with a 
top 


or on the tip of the tail 
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as oscillators or amplifiers at 108 me Stations serving the threatened commu 
The special circuits employed give much nities will (1) interrupt normal programs 
greater over-all efficiency than is now pos- 2) broadcast the CONELRAD attention sig 
sible with vacuum tubes nal 3) transmit the Weather Bureau 


In satellite programs I means a emergency weatl warning on their 
i =) ~ “4 


highly significant saving r inas normal broadcast frequencies, and $ 


uci is fewer batteries c: same then resume i eduled programs 
amount of work. Or. using tl me hat 
transmitter can broad- 
period of time 


station occu 


CLOSE-UPS show how Sperry’s ‘“‘Rotorace"’ 

Principle is utilized in small cylindrical motor ! ‘ ‘ 

(left). Cluster of three smaller gears transmits 1 y any other tr itter nov levision stat 
motion through a shaft to bearing on op- 
posite side of gyro (right) 


{transmissio 


eaucing ti 


DuKane_ engineers 


Transistor Transmitter . 
sistor Tr Atomic Energy 
Developed for Satellite Radio Pp ; 
rogress Summarized 


Weather Warnings 
To Be Broadcast by Conelrad 


e Exp 
EBWR 


1053 
AEC demonstrated th the Experimenta 
gre mil Breeder Reactor Ne 
BROADCAST STATION smaller than cigarette yund only, 1 ‘ for 5 reactor to generate ¢€ 
pack will be placed in satellite as radio trans- 1d 1 on tor 5 is, then off , 5 
mitter. Developed by DuKane, unit weighs 
less than 3 ounces. It develops 550 milliwatt ‘ 
broadcast power. Version at left shows how ee 5 second h_ fissionat 
transmitter would fit into a satellite or mis- he CONELRAD attention ynal will be sumed. During 1954, a reactor 
sile. Optional packaging at right would put used as follows when a weather disaster school at Argonne was established and 
powerful transmitter in compact unit which threatens: Upon request of the respon- steps were taken to provide scientific and 
could fit into shirt pocket. sible Weather Bureau office, broadcast technical training for foreign nationals 
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Projects Planned fo 
Argonne National Laboratory 


ALONG THE TOP of Iroquois Dam, two 350- 
ton traveling cranes move along 


Progress with Radioisotopes 


Monitor for 


Jet Age Trafhe 


with Power Reactors 


LEC 
Seaway Power 


Neoprene Protected 


CONTACT ARM, located on crane leg, extends 
backwatet! I ic power through neoprene curtain to reach electric 
from a bus ba arrving 550 volt power bar carrying 550 volts. It is shown in 


bar, which 1 length of the dam, 1 closeup pushing up the curtain 


ex perience 


mus 
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length seam has installed a giant tempering furnace 


largest of its kind in Sweden 
be 


be adjusted to produce any 
and weld both flat and 
Standing 13 feet high, 12 feet long 
the ultrasonic welder 


experimental semiautomatic data process- 


ing system for air traffic control and has 
asked General Precision Laboratory, Inc., sheets 
Pleasantville, N. Y., a subsidiary of Gen and 
to under weighs roughly three 
by two 2-kw generators which operate al 


depending on the forward o1 


semi-circular which is the 
Ihe Stornorrfors plant, which is to 
10 feet wide completed by 1959, expects to start opera 
tons. It is powered tion by late 19° 


eral Precision Equipment (¢ orp 


take th 
Suthciently flexible in design to function 
les as backward motion 


ternately 
of the welding heads 


International Analog 


vith existing procedures and facilit 
) and supply 500 watts of power to each 


! 1. A self-monitoring instru Computations Conference 


well as future changes, the system pt 


vides f the reception, correlation, com welding head 


air tral ment, it automatically shut down if 


putation, display, and exchange of 
fic contre nformation. It performs auto 
natica uutine nondecision-making On September ] 
air traffic controller I Association 
rmation required for h a founded i 
| mauiona 


Dtained from pi 
| ance Sched 


conterence wi 


VIEW of welding heads showing barium 
titanate transducers and aluminum horn that 
acts as a mechanical step up transformer of 
20-ke signal. Horn is tuned to full wave- 
length at longitudinal mode. Welding tool is South Pole 

to 2 wavelength, carries energy to Temperature Observations 


2 


tuned 
the interface 


Giant Turbines 
for Swedish Power Plant 


water tul nes are it present 


Metals Joined rful 
bei ilt at Nydqvist & Holm, Trollhat 


with Ultrasonic Welder Seneiiigh Stare 
tan l ror the wedish tale owe! 
. 89.000-kw Stornorr 


40 
itomated, continuous seam, ultra tors planned tor an 
1 by Gulton Indus annual 


Metuchen, N. ].. was developed When 


ler produces ion kw-hr 
this plant will 


It of a research contract and bui utilize a flow feet per 


as a resu ‘ 
in a ond. However 


to exact specifications to be used foresec 
Through high frequency harnessing 


ity through 


classified project of this capac 


the welder joins any two dis three ag 


sound alone 
similar or similar metals as a result of a gregates, eact feet per 
transference or plastic flow eartl 

f the \ When a 


the interfaces of the two metals and below Each turbine, of 


molecular at second 


have a guaranteed rating 178,060 | p at heat loss 
ft. which can be raised to time emit is CO 


the melting point of either metal. Similar 


to standard electric seam a head of 240 
200.000 hp at 246 f 


ng surtace takes 


In performance 
t. The dimensions will warming 


welders, the completely automatic ma 
be unusually large. The runner, weighing in winter 
70 tons, has a 17-foot OD. and the 36.5-ton Minimum possible 
$ foot length tures of 108 F have been calculated 


chine achieves a speed rate of 200 inches 
Antarctic tempera 


per minute and can accom 
previ turbine shaft has a | 

The runners are made from cast stain 
After welding, the viet and American meteorologists partici 
pating in the IGY program, Dr. Hoinkes 
Actual minimum observation at the 


of welding 


plish this with aluminum which 
1 radiation loss by both So 


yusly was impossible from observed 

Although it was designed to produce 30 
inch seams and weld corrugated sheets to 
aluminum extrusion, it can 


less steel and welded 
units are heat-treated to eliminate weld 
long curved ing stresses. For this purpose, the company said 
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U.S. South 
—102.4 F 
Dr Hoi kes 

gist for the 


Pole station n 1957 was 
meteorolo 
Nortl 


nonproht Organization 


IGY 


is chief glacial 
Arcti 


pris ate 


Institute of 
America, a 
pertorming 


gy researcn sponsored Dy the 
National Acaden 
D¢ 
rogTam 


; 


Committee of 
Sciences in Was! 


The 1GY 


rece 


Artificial Muscle for 
Paralyzed Hands Developed 


ind Jacqu 
the Los 


MAY 


1958 


Amigos Respiratory and Rehabilitation 
Center tor 
This 


grant 


Poliomyelitis 
work was done 
National Foundation for 
Paralysis where Dr. Lan 


rector ot 


with the aid of a 
trom the 
Infantile 


ad 


lauer 1s 


and rehabilitation 


onference at whit 


Temperature Chamber 
Tests 


Armament Systems 


Te 


TECHNICIANS 
assembly 


roll Novy 


containing 


interceptor s 
electronic 


nose 
gun-orming 
equipment into Westinghouse altitude-tem- 
perature chamber the 
humidity chamber 


test Seen at left is 


Kitt Peak Site of New 
Astronomical Observatory 


Kitt Penk, in the 
apout 4 miles soutl 
approved 
NSE 
National Ast 


Ariz., was by 


ence Foundation 


Navy Vanguard in 


onon 


Quinlan 


west 


the 


as Uf 


ica 


Orbit 2,513 Miles Up 


m 


On 


ot 


Mountains 


Tucson 


National Sa 


e site tor tne 


Observatory 


to the Foun 


Associatior 


Asti 


nom 





it the casing of the last stage may 


biting just behind the Vanguard 


second satellite 


ited States is z 


Technical Apprentice 
Training Lags in U. S. 


reatens the nation as 


as sciel education shortcoming 


260.000) nov go} 


training are not enoug 
" 1 


replace journevmen 10 Will I vr at 


ess fill the needs growing new 
\ University of California 
USSR apprentice 


a big role in Soviet scien- 


that the 


id technical gains. 


LETTERS TO THE EDITOR 


INSTITUTE members and subscribers are invited to 
contribute to these columns expressions of opinion 
dealing with published articles, technical papers, 
or other subjects of general professional interest. 
While endeavoring to publish as many letters as 
possible, Electrical Engineering reserves the right 
to publish them in whele or in part er to reject 


them entirely. Statements in letters are expressly 


Soviet Co-operation 


an \IEI Feedba 


tee as et 


Academy of Sciences for the Union of USSR 


National Committee of the 
Soviet Union on Automatic Control 


( 
USSR 


Resolution 
February 7, 1958 


stantly 
problem, a 
WHEREAS, at pl extremely dif 
receive intorma 
roblem that an 
other has encountered or the same could 
apply to each branch the armed serv- 


ices, and 
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anderstoed to be made by the writers. Publica- 
tion here in ne wise constitutes endorsement or 
recognition by the AIEE All letters submitted 
for publication should be typewritten, double- 
spaced, not carbon copies. Hlustrations should 
be submitted in duplicate, one copy and inked 
drawing without lettering, the other lettered 


Captions should be supplied for all illustrations 


NEW BOOKS 


The fellowing mew beeoks are among these re 


cently reeeived at the Engineering Secicties 
Library. Unless otherwise specified, books listed 
have been presented by the publishers. The 
Institute assumes no responsibility fer state 
ments made in the following summaries, infer- 
mation for which is taken from the prefaces 


of the books in questio 


Db MANAGEME 


[ ( 


NI B 


BASIC ELECTRICA 


NGINEERING B 
R. H. Nau. R P I ott 
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CONDUCTIVE RUBBER. By R. H. Norman 
Maclaren and Sons, Lt London, England 
1957. 99 pages, 742 bv 10 inches, bound. $3 


Rubbers made conductive by presence of 
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LTRAHIGH-FREQUENCY 
E OF RECEIVIN rt 
NUCLEAR MASSES AND nd 
MINATION. F by H 


INSTRUMEN 
( 


PHYSIK UND TE DER ATOMRE 
AK TOREN Cay pringer 
Verlag 


6% 


by 


LEAIRE thor yt rey »f ’ pre . . . f ' importa 77 . inet I 
j id ? heor mMIstt i historic: ackground wed 


INTRODUCTION AU GENIE NI 


>} ; 


Volume 1, 388 page 
Réacteurs Nucléaires: Volume 2 % pages chara : 
Controle et Protection des Réacteurs Nuclé reactors All aspects re tailed physical ‘ 
aires. By Théo Kahan and Maurice Gauzit and mathematical considerati Literature an 


1957 by 9% inches references j 


4 
jue et Calcul des 1g 4 ry t 
. . . . t , of x lting processes 


perat } 
1ucti vac ar resistance, zone 
d on melt > properties and 
) 4 information sources, and 3 st of uses vacuum meitec metai are analyzed 
ted reactors are included and a selector chart is provided indicating 
volume set covers the fundamentals of nuclear applications, sources, and methods of produc 
physics, the basic theory of nuclear reactors PRODUCTION PLANNING AND INVEN tion. An economic study of th 
and the design and calculations of several TORY CONTROL. By J. F. Magee. McGraw cludes the report 


Dunod, Paris, France 
bound. $8,900 fr. each. Volume I of this two present and projec 
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TECHNICAL LITERATURE 


The follewing recently issued technical litera 
ture may be of interest to readers of 


Electrical 
Engineerin 


g. All inquiries should be addressed te 


the issuers 


VENTILATING AIR CONDI 
UIDE 158 Ht he 


Hea 


AL FORME 
IONS B 


METHODS OF TESTING THERMOCOl 
PLES AND THERMOCOUPLEI MATER! 
ALS. By W. R. Rese > Ae “ 


SPEED PHOT O« 


PROGRESS IN PE 
,IOMIK FNERGY 


M 


‘ ; ane be scefu LIBRARY Ot CONGRESS MONTHLY 
FN TORIES ANI \ R ‘ S tribut c 


BLICATIONS. I 
Cor ess mo 


Dox 


Office Wast 


STUDY AND DEVELOPMENT OF MAG rticles reportes 
may NETIC AMPLIFIER CONTROLLED SERVO id tect 
SYSTEMS. Development of r ap 
plving magnetic amplifiers to servo systems is 
described in this five 


TELEVISION FACTBOOK. This 488-page search 
publication gives information about every sta 


are tf 

nology. The “Monthly 8 

x Sons, Inc techniques f is pr at l year $15 
> 

N. Y. Price abroad the East European Accessions In 

re dex" at $10 a vear ($12.50 


sian Accessions s priced 


yume report. The 
was aimed at determining what 
netic amplifiers are applicable to 


abroad 3oth are 


Government Printing Of 
Washington 25, D. C 


mag available from the 
servomech fice 
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Eimac Announces. 


Five New Ceramic Reflex Klystrons 


Two important frequency ranges in the C, X and K bands A new C-band tube, the 1K125CA covers 3700 to 4400 
are now covered by Eimac reflex klystrons. Eimac's ad- Mc. Power levels up to 2 watts make this tube ideal for 
vanced stacked ceramic design gives these tubes excep- reliable broadband point-to-point communication. Tuning 
tional ruggedness and frequency stability. by dielectric slug rather than variable RF gap avoids sen- 
The four new of the 1K20 series cover 8500 to sitivity to shock and vibration. Integral-finned ¢ 

11,700 Mc., at power levels up to 50 milliwatts. They are higher operating temperature ratings minimize 
specifically designed for use in the severe environment of requirements 


air-borne and missile radar systems. They will withstand Eimac know-how in the field of ceramic-metal tube design 
vibration levels of 15G in any reference plane, with less now brings compactness, ruggedness, high performance 
than 100 kilocycle frequency deviation. Low beam volt- ond reliability to these important microwave frequencies. 
age requirement and simple radiation cooling minimize 


the weight and complexity of associated equipment. 


More information on Eimac reflex klystrons is avail- 
able from our Application Engineering Department 


EITEL-McCULLOUGH, INC. 


S A WN B R U - © FR Ht 


Ecmac First with ceramic tubes that can take it 


GENERAL CHARACTERISTICS 

Power Output Reflector 

Type Freg. Range Mc. Beam Voltage Range Voltage 
K125CA 3700-4400 1000 Vde 1.5to2.0W 0 to —1000 Vde 
1K20XS . 8500-9300 300 Vde 25 to 50 mW 0 to—250 Vde 
1K20XK_ . 9200-10,000 300 Vde 25 to 50 mW 0 to—250 Vde 
1K20XD . . . . 10,000-10,800 300 Vde 25 to 50 mW 0 to—250 Vde 
1K20KA . . .  10,700-11,700 300 Vdc 25 to 50 mW 0 to—250 Vde 

Additional Frequency Coverage to be announced soon 











Accurate, Fast Acting, Frequency 
Type Telemeter for Transmission 
over Wire Lines, Microwave, 
and Power Line Carrier 


Accurate c:Sb¢ me in 
HIGH-SPEED <p> which ice 
Continuous 

Telemeter 


for 


VOLTS 
AMPS 
WATTS 
VARS 
ETC. 


« a 
EUEAD second. Sequipasrns- fen- 


ures a built-in calibration 
Self- rcuit for 10% and 90% 


1 ‘ 
receiver cI K, ang 1U cps 


Calibrating 2°: 5° cs ansmiecer 
. + An uantity which m; 
eR freer ie 


4 
millivoltage or will oper- 
ate a slidewire may 
emetered 


be tel- 


WE CAN HELP YOU 
Our Applications Department is 
ready to assist you in your control, 
telemetering or communications 
problem. Phone DEerfield 4-3100 


Write for Technical and Application Data. 


Kadto Frequency 


LABORATORIES, INC. 
Boonton, New Jersey, U.S.A. 


Circle 14 on the card. 





NEW PRODUCTS 


Density Measurement System. An Accu 
Ray density system which measures and/o1 
controls fluid density, specific gravity, pet 


cent solids, or related quantity has been 
announced by Industrial Nucleonics Cor 
1205 Chesapeake Ave Colum 


lensity 


porat on 
bus, Oh 


Fast-to-Apply Precut Selfadhe 


CSive La | prec 


Mercury 
ht 


Wattage 
Transformer. A weatherproof-waterti 


Improved Constant 


nstant att mercury lamp 


Lore 
er for one H-/ 400-watt mercury lamp 
en made availalb v Sola Elect 

The transfor l 


peak 


tionally 
led | ' ife j ] t lumer 
extended tamp I ine eXvce € ime 


mainte amps mounted 


in 

7 iT verti positior 
lit voltage over the entire range 
minimum. Positive starting 1s 
vn to SOF The 


les constant wattage 


Open cire 
is 300 vol 
constant 
attage circuit provi 
regulation of +I' with line voltage 
swings as large as +13%. The new trans 
former is 20 lighter and 25°, smaller 
than previous models, to make handling 
and installation easier. Further informa 
tion is available by writing Sola Electric 
Company 1633 W. 16th St 


Ill. Circle 203 on the card. 


Chicago 50 


Carrier Preamplifier. This carrier pre- 


amplifier with integral power supply is a 


selfcontained unit designed to drive opti 
cal recording systems, tape recorders, oscil 
loscopes, panel meters, etc. The Sanbort 


Model 450-11 


ond of the new 450 series instr 


carrier preamplifier, sec 
iments, te 
tures high performance, versatile 
fexibility that permits packagit 

i! init 

inting. Cor 


from tt 


Transistorized Voltage Regulated Power 
Supply. Release of a tubeless transistor 


é 


on pictur 
vision Model 

Model-S. ¢ 

Milipots. These multiturn precision wire 


wound 
} 


potentiometers, | inch diamete 


vv 1.8 inch long, are popular priced units 


featuring all metal cases. Other features 
include dual terminals riveted to terminal 


board, terminals independent of resist 


ance element terminations, extremely low 
end resistances to 0.01°, of total resistance 
lard screw-driver 


steel shafts, permanently lubricated bear 


stane slotted stainless 
ings, precious m¢ tal brushes and slip rings, 
and elimination of both “O” rings and 
shaft end-thrust on rear cover. Also avail 
able with plain phenolic case. Write Al- 
fred Voak, Voak Engineering Co., 129 East 
“A” St., Upland, Calif., for additional in 
formation. Circle 207 on the card 


(Continued on page 22A) 
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UNIVERSAL because it is not critical as to system voltage. 
For example, the 14.4 kv Fusistor will take care of all 
system voltages down to 2.4 kv without impairment of its 
interrupting ability, and without inducing excessive 
transient overvoltages during interruption. Contrast this 
with other current limiting fuses which must be applied 
between 70% and 100% of nameplate voltage rating. 








UNIVERSAL because it fits all mountings, regardless of 
make. And just two ratings (different clip centers) will 
take care of most indoor potential transformer protection 
needs at 14.4 kv and below. There’s no need to stock a 


rating tor each system voltage 


HERE'S wHY: The Fusistor interrupts faults even at 
voltages substantially below its rating because of the 


inherent operating characteristics of its current limiting 
section (upper half of cutaway drawing, right). It uses 
helically coiled molybdenum wire, in turn helically coiled 
on a ceramic core, embedded in silica sand. Molybdenum 
has a high resistance even under normal conditions, and 
when fault current flows, its resistance increases rapidly. 
Thus, the Fusistor responds immediately to the fault, 
and—because of molybdenum’s high melting tempera- 


ture—its current limiting action continues longer. And 


‘ " , 1 | ~ ] > 
when the molybdenum does melt, there is a less pro- 
nounced “‘chopping”’ of the current 


In the lower half of the Fusistor is a separate circuit 
interrupting section. Using time-tested boric acid, it 
positively interrupts even the lowest faults. And on maxi- 
mum faults, both sections combine to limit and interrupt 
the current. The Fusistor thus gives positive protection 
over the full range of fault currents 





Fusistors rated 4.8 kv and higher have two plunger 
indicators (shown at the bottom of both views) which 
drop down to show that the fuse has blown. 


SaC Electric Company, 4427 Ravenswood Ave., Chicago 
40, Ill. In Canada: S&C Electric Canada, Ltd., 8 Vansco 
Rd., Toronto 14, Ont. 
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OKONITE cables 


Electric power and control cables for lift 
bridge installed in unique manner... demanding 
Okocord engineered-to-last constructions 


When Sverdrup & Parcel, one of 
America’s leading architectural- 
engineering firms, designed the new 
Sidney Lanier Bridge in Brunswick, 
Georgia, for the Georgia State High- 
way Department, they discovered 
that they were faced with an electric 
cable problem that called for some 
imaginative thinking. 

Briefly, the 250-foot lift span on 


the new structure was to be hoisted 


by synchronized motors in both tow- 
ers which had to be linked with 
power and control cables. The ques- 
tion was—where to locate the cables? 

Go over the bridge ? Not only 
would that increase the loading on 
the bridge towers (to get proper 
sagging tensions) but aerial cables 
would materially detract from the 
clean, modern look of the handsome 


structure. 


For more information circle 16 on reader service card. 


Go under the bridge? The river 
bed at this point consists of clean- 
swept shale with swift currents and 
reversing tidal effects. To lay cable 
on or under the bottom or in pipes 
would be extremely difficult and ex- 
pensive, making replacement after 
normal service uneconomical. 

Through the middle, then, was 
the best solution. Run the cables 
right through the span itself, a span 
that would be constantly moving up 
and down over a distance of 115 feet. 
To take up the cable slack, an in- 
genious system of sheaves and coun- 
terweights was designed for installa- 
tion in the towers, just below road- 
way level. From these, the necessary 
cable would be payed out as the 
span rose... would be reeled in as 


the span descended. 


Needed: a strong, 
flexible, long-lived cable 


To make this plan work, however, 
unusual—perhaps unique—cable 
was needed. It had to have utmost 
flexibility to absorb the constant 
reeling and re-reeling under tension 
as the span moved up and down. It 
had to be unusually strong, for the 
height of the lift, combined with the 
counterweighting and wind load, 
would give a pull equivalent to 500 
feet of cable. And, finally, it had to 
be capable of resisting repeated eXx- 
posure to sunlight, heat, high hu- 
midity and corrosive salt spray. 


2700 times a year these sheaves and counterweights 
go into action, paying out Okocord power and con- 
trol cables as the bridge span is raised . . . reeling 
them in as the bridge is opened to traffic again. 
Designers specified Okocord to withstand the ten- 
sion, sharp bends and constant flexing of this service. 
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A 250- foot lift om, 


Why Okocord was picked 


and estimates 
the Okocord 
iby Oko- 


After various designs 
had 


constructions recommendes 


been submitted, 
Interest- 
the 
the 


nite engineers got the nod. 
ing features of these cables were 
for reinforcing 
cable 

the high moisture resistance of Oko- 
Also, Okonite 


able to point to at least two other 


steel rope core 


multi-conductor control and 


nite’s insulation. was 
Okocord installations in which simi- 
lar conditions of environment, tens- 
ion and mechanical action had been 
successfully met. 

Installed 
these 
fully brought the 
Bridge life. 


that service 


more than a year ago, 
Okocord cables have success- 
big Sidney Lanier 
And engineers esti- 
life will at least 


expensive 


mate 
sub- 


equal a far more 


marine installation. 
If your operation involves port- 
able or flexible cable, write for 


Bulletin EG-1108 and find out how 


rugged. dependable Okocord can 


replacement costs and 
In fact. 


when vou talk to 


save time, 


losses. whatever 


down time 
your cable needs, 


Okonite, you get unprejudiced rec- 


Vital links that control and power the bridge’s motors, lights, alarms an 


a «cer 


ommendations. 
Okonite. 


insulating 


and only 


all four 


dip, extrusion and taping. 


nite Company. 


Passaic, 


because 
makes cable by 


methods: 


( Ik onite, 


strip, 
The Oko- 


New Jersey - 


d gates are these thr 


cables. Two lengths of each are used on either end of the span Left. to right are the 45- 


steel rope core cable for the intricate control system; 
the 12-conductor, steel rope core cable that controls and powers the aux 


drive motors; 


the 6-conductor cable that powers the main 


ary Criv 


motors. Each cable is protected against constant bending as well as environmental conditions by 


tough, reinforced wall of mold-cured Okoprene. 


_wiwe there’s electrical power. . . there’s OKONITE CABLE 


May 


5536 
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Fabricated Structural Steel and Fabricated Reinforcing Steel for 
Bridges, Commercial and Industrial Buildings: Schools, Hospitals, 
Power Plants, Coal Washing Plants. 


Galvanized Structural Steel for Electrical Transmission Towers and 
Substations. 


Carbon Steel Warehouse Products: Structural and Bar Shapes, 
Plates, Hot and Cold Finished Bars, Construction Products. 


Pressure Vessels fabricated to the ASME Code from Carbon, Alloy, 
and Alloy Clad Steels for the Chemical and Petroleum Processing 
Industries. 


At Flint, four distinct divisions, 


are inter-related and singly managed. 


Flint invites you to investigate the possibility 
of using these facilities to your advantage. 


for over 40 years 


FLINT STEEL CORPORATION 
TULSA... MEMPHIS 
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New Products 


Signal-Injection Direct-Viewing Television 
Analyst. A new Model /075 signal-injec 


tion direct-viewing television analyst for 


quick, direct, complete televisio trouble 
shooting ts announced by BXK Manutac 

ring Co. With the Mode 75, point-to 
point signa 


repro 


High-Power Frequency Converters. A new 
5 1 


er ire iency converters 


mers ! 
512, Milwauke 
to 6,000 rpm 
electronic 
meet ret 


strom-Carisor 


pm 

ower tror 

ition of arm 

riation in the 

range below ba speed djustment of 
motor! held volt permits speed val 
ation in the range abov vase speed. Other 
sizes and ratings of this tvpe of motor will 
be produced is required Also available 
from Allis-Chalmers is a ide range of 
air-cooled open and enclosed motors of 
conventional and special designs. Circle 


210 on the care 
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SAFETY SWITCHES STAND UP 
UNDER 100,000 AMPERE 
— SHORT CIRCUIT TEST! 


INDEPENDENT TESTING LAB 
RELEASES FINDINGS AFTER 
GRUELLING “TORTURE RACK” TESTS 


faults. Another, t 


nor 


Square D Standard Switches 
Do The Job 


proof 


fier ¢ 


ndard Square D Type HD 


lpped 


Square D switch on “torture rack” during test 
involving up to 100,000 ampere short circuit 


SUMMARY TABLE * Extroct from Report No. S$ /NA R66—Sheet No. 5 





| Average Mapmen | 
Voltage | Catalog Symmetcai Total | Fuse 
Rating Prospective Currest Arcing | Type 
RMS. : Time | 


96,600 mos |a2y-2008 SQUARED 


96,400 | .0010 | Emae-s0n 

7 | : Ww « 
wae | ise ieee sarery 
96,400 | 0010 | A2Y-60A 

: | Sot |kev-ssa SWITCHES 


me ESS GIVE YOU 


250 ; | 0009 | A2Y-100A 

Y | .0014 | ASY-100A fe 
250 ; | .0037 | A2Y-200A 

} 602 | .0011 | A6Y-200A 


250 . 252 | .0039 | A2Y-400A 
600 611_| .0050 | acy-ccoa PERFORMANCE! 
250 : ' 251 | .0062 | A2Y-600A 
600 ; 601 | .0062 | A6Y-600A 
Above + Extract of Nelson High Power Laboratory 
Report C/NA-66 
* ah " At left « No sign of failure in this switch interior 
after 100,000 ampere short circuit test 
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ECM HEAVY INDUSTRY ELECTRICAL EQUIPMENT. ..NOW A PART OF THE SQUARE D LINE 


SQUARE J) COMPANY 
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COMPLETELY INSULATED, the 
liquid connections between the 
stator bars and the liquid 


header leave no exposed cop- 


J 


per. Note the design simplicity 
of this turbine end of the gen- 
erator. The collector end also is 
extremely simple and has the 
appearance of conventionally- 
cooled units. 
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CONVENTIONAL LIQUID-COOLED GAS-COOLED 


COMPARISONS of three types of stator bars built by General Electric show that dielectric 
construction of the liquid-cooled bar is as simple as for the conventional bar. Since liquid 
flows directly through the hollow conductors, no duct insulation is required as in the gas- 


cooled bar, and heat transfer is considerably improved. 


TH HIG 


ER RATINGS NOW POSSIBLE FOR GENERAL ELECTRIC GENERATORS... 


iquid cooling system maintains 


Sar 








| | 
LU 
INSULATING 
LIQUID / 
CONNECTION THE LIQUID CONNECTIONS between 
| : ( HOLLOW TUBULAR- the stator bars and the liquid mani- 
STRAND CONDUCTORS folds provide complete electrical in- 


sulation. This simple arrangement at 














the turbine end of the generator is 
mechanically flexible and provides 
the long, reliable life required for 
turbine-generator operation 
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dielectric simplicity and reliability 


COMPLETE LINE-TO-NEUTRAL INSULATION ELIMINATES EXPOSED COPPER SURFACES 


Despite the tremendous increase in unit 
available with direct liquid ling of generator sta 


tors, the dielectric system rem: basically as simple 





< 7 “Anwer Pt alluy ec le 
as tor conventionaliy-coole 


Complete insulation of the winding is provided, as in 
e r 


conventional cooling arrangements. Thus, with no ex- 
posed copper surfaces, possibility of electrical creep 
age flashover to ground is practically eliminated. 
Within the stator bar, only insulation between 
strands is required since there are no central cooling 
ducts to insulate. Not only does this provide more 
effective utilization of stator slot space and better 
heat transfer, but it makes possible the simplest 
dielectric construction of the stator bar. 
Dielectric simplicity is just one of the many important 
features of General Electric liquid-conductor-cooled 
generators. Other outstanding advantages are: 


output now 


Increased Generator Output— Hollow strand stator bar 
construction can remove up to 16 times more heat 


higher generator ratings. 

Improved Performance— Liquid cooling permits auto- 
matic regulation of stator winding temperature in- 
dependent of load. 

Dependable Operation— Many unique features are 
incorporated into the design of the closed coolant 
system to provide a permanently tight liquid circuit 
Shorter Maintenance Inspections— Simple, single-stage, 
low-pressure hydrogen circulating fans facilitate 
disassembly and inspection. 

For more information on liquid cooling, contac 
your nearest Apparatus Sales Office or write t 
Section 254-75 for bulletin GER-1231, Large Steam 
Turbine-Generator Department, General Electric 
Company, Schenectady 5, New York. 


Progress /s Our Most Important Product 


GENERAL GQ ELECTRIC 
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Another call for Collyer... 


“a 


‘. 
\ 


Already filling a vital need for intensive-care psy- 
chiatric facilities, the new, $11,600,000 Eastern Penn- 
sylvania Psychiatric Institute will be a major force in 
the advancement of mental health research. In addi- 
tion to its large outpatient department and self-con- 
tained children’s wing, this modern hospital serves as 
research and teaching center for five medical schools 
in the Philadelphia area. 


To help ensure smooth operation of its complex 
electrical system, thousands of feet of Collyer power 
and lighting cable were installed throughout all parts 


Collyer 


) 


\\ 
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Cornice 


\\ 
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COLLYER CABLE helps shed 
new light on mental health 


of the new unit. Here, as on other major projects, the 
“call for Collyer” has been answered with cable that 
meets the highest construction and serviceability 
standards. 


It will pay you to learn more about the advantages 
of specifying Collyer Cable for all types of municipal 
or private installations. 


Write now for further details relating to your 
specific requirements. Collyer Insulated Wire Co., 
243 Roosevelt Ave., Pawtucket, Rhode Island. 


Power Cables « Control Cables 
Switchboard Wires « Service Cables 
Series Lighting Cables « Buliding Wires 


SALES AGENTS IN PRINCIPAL CITIES 
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on new Bell Labs machine 


{ new device invented at Bell Laboratories “reads” a numeral while it is being written 


instantly converts it into distinctive electric signals. The signals may be employed to 
- a numeral light up in a display panel, as above, or they may be sent to a computer or 


iagnetic “memory for storage. 


[he writing is done with a metal stvlus on a specially prepared surtace. Iwo dots. « 


above the other, are used as reference points. Seven sensitized lines extend radially fron 
lransistorized logic circuits recognize numerals according to whict 


nes 


[he concept of a number-reader has interesti 


i. men 
possiblities as a neégy means 


from humans to machines. For 


} 


ct to a telephone, it might pr 
pensive means of converting handwritte1 
signals which machines can read. 
could be transmitted through the reg 
network to a teletypewriter or computer at a distant 
point. In this way, a salesman might quickly and 
easily furnish sales data to headquarters. or a 
might order goods from a warehouse. 
Modern communication involves many more 
fields of inquiry than the transmission and rec ep- 
tion of sound. The experimental number-reader is 
but one example of Bell Telephone Laboratories 


work to improve communications service. 


BELL TELEPHONE LABORATORIES 


World Center of Communications Research and Development 
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GAI-TRONICS¢! 
COMMUNICATIONS 


WERE SELECTED FOR... 








At the first 





full-scale, atomic-electric power 


plant devoted exclusively to serve civilian needs, Duquesne 


Light Company, builders of the electric generating portion 
and operators of the entire facility have installed — 
GAI-TRONICS communication equipment. 


ae 


Vo. hs | Throughout the world, wherever a highly dependable, 
\ voice communication system for use in high noise 


level areas is needed — you'll find GAI-TRONICS 
specified by name. 


Complete information on our 
GTC (GAI-TRONICS Tran- 
sistorized 


new 
Communications is 
Write today for 
a copy of our completely illus 
trated descriptive booklet 


now available 
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New Products 


Utilized. A line of 


ipment 


Element 
proces 


pater “cl 1 ! lement has 


Transducer 
ultrasoni¢ utilizing 
a novel 
been introduced i t lu ele 
ment is con metal 
sections and steel 
radiating 

img il 1 


structibie 


Transmitter Adapter. A cor 


s ena amis 


Mechanical Counter. A 


Self-contained Ultrasonic Gauge 
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Fractional Hp brushes need evaluation ? 


‘BE a 


Lee] TESTING LABORATORY 


ap 
af 


A 
“= 


ry) 


NATIONAL CARBON’S testing laboratory 


can help improve your small motor performance! 


Selection of brush grades for are constantly testing all sizes and grades of small 
fractional horsepower mo- brushes, solving customer’s fractional horsepower 
tors is not easy. Often, ex- brush problems, and perfecting new designs for longer 
haustive tests are necessary brush life and minimum commutator wear. 
to assure efficient motor per- For details on how you can have brush tests con- 
formance in actual service. ducted on your equipment, call your “National” Car- 
National Carbon Company offers expanded labora- bon Brush Man today, or write National Carbon 
tory facilities for the scientific selection of fractional Company, Division of Union Carbide Corporation, 
horsepower brush grades. Here, skilled technicians 30 East 42nd Street, New York 17, N. Y. 


TESTING LABORATORY 


ei ite). | 
“National”, ""N” and Shield Device, and “Union Carbide” are registered trade-marks of Union Carbide Corporation CARSIDE 
NATIONAL CARBON COMPANY : Division of Union Carbide Corporation - 30 East 42nd Street, New York 17, N.Y. 
Sales Offices: Atlanta, Chicago, Dallas, Kansas City, Los Angeles, New York, Pittsburgh, San Francisco. In Canada: Union Carbide Canada Limited, Toronto. 
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here’s why NATIONAL Rewind Kits help you do a better job 


...more easily, more quickly and more economically 


Coils are of the highest quality . . . and each one fits exactly as it should. 
Everything you need to do the job is conveniently packed right in one box. 


All winding supplies reflect the latest in materials development and 


application. 


Comprehensive, easy-to-follow placement and connection diagrams clearly 
explain the best winding procedure and technique. 


For complete details on kits to meet your motor maintenance requirements, 
give your nearby National field engineer a call or drop us a line. 


NATIONAL F,LEGTRIC (OIL COMPANY & 
COLUMBUS 16, OHIO, U.S. A. ww 


ELECTRICAL ENGINEERS: MAKERS OF ELECTRICAL COILS AND INSULATION— 
REDESIGNING AND REPAIRING OF ROTATING ELECTRICAL MACHINES 


530A For more information circle 24 on reader service card. ELECTRICAL ENGINEERING 





Hospitals 

rely on ASCO 
Automatic 
Transfer Switches 


Here in the operating room, adequate lighting is as vital as 
the steady knife of the surgeon. Throughout the hospital, the 
functioning of life-sustaining equipment is dependent upon a 
continuous supply of adequate power. That is why automatic 
transfer switches by ASCO have been widely specifi When 
normal power fails they automatically transfer the load to an 
alternate source. 


Dependable Control by ASCO 


Where power and dependability are vital, ASCO switches give 
these signal design advantages: + continuous duty rating 
in either normal or emergency position * capacity to withstand 
inrush currents 20 times full load rating * mechanical locking 

roviding high contact pressure « single coil design + built-in 
time delay, so that equipment ignores harmless momenta 
outages + full-phase protection, and other desig 


™ + ] * . — | 
specifying C g 5/7-Sl covering complete 


& r 
transfer switches. 


ASCO Bul 


t< 





failure. 


Automatic Switch Co. 


50-K Hanover Road, Florham, Park, NJ. 
FRontier 7-4600 
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Good motors are better with 
CDF Micabond’ insulation 


Making or specifying motors or generators? Regardless 
of the size and type, they’ll run better, last longer with 
genuine CDF Micabond insulating components. 


Classes H and B. Micabond is produced in various 
grades to meet heat requirements of Class H and 
Class B insulation. Commutator “V”’ rings, bushings, 
segments, slot liners, and many other insulating parts 
of a motor are natural applications for this superior 
basic material. Certain Micabond grades are readily 
formed and fabricated into standard or special parts 
by you or by CDF. 


Complete mica line. CDF offers the designer a com- 
plete line of quality mica products, from unfabricated 
sheets, tubes, and flexible tapes to large or small V-rings, 
segments, and fabricated parts. For wrapping applica- 
tions, combinations of Micabond and “Mylar” polyester 
film, Micabond and glass-fabric, and other combinations 
are readily available in flexible sheet and tape form. 
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Fabrication facilities. (DF has the facilities and 
know-how for turning out finished Micabond insulating 
parts—better and more economically than you can do it 
yourself. We meet your specifications and your pro- 
duction schedules, and save you time and money 


Send us your print or your problem; we’ll return perti- 
nent technical literature and recommendations. For the 
phone number of the CDF sales engineer nearest you, 
see Sweet’s, Electronics Buyers’ Guide, and the other 
directories 
CDF makes Di-Clad* printed-circuit laminates, Diamond® Vulcanize 
Fibre, CDF products of Tefiont, flexible insulating tapes, Dilect 
laminated plastics, Celoron* molded products, Micabond mica prod 
ucts, Spira Tubing, Vulcoid*. 

*Trademark of Continenta 


TduPont trademark | 


CONTINENTAL-DIAMOND FIBRE 


A SUBSIDIARY OF THE Bintl COMPANY + NEWARK 86, DEL. 
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- ALLEN-BRADLEY 


<n * 









ile 390 | - 4 
I eversing a 
drum 

— Switch 






Styled by Brooks Stevens, 
internationally famous 
industrial designer. 


MODERN IN APPEARANCE 


AVAILABLE AS OILTIGHT— 
FOR CAVITY MOUNTING 


» EASY TO MOUNT eer 


e EASIER TO WIRE 










INSTANT CHANGEOVER 


FROM MAINTAINED TO 2 
MOMENTARY CONTACTS MOTOR CONTROL 














te A new “quality” standard — 
7... ter small REVERSING = 
a DRUM SWITCHES 


NQUALITYS 


GOOD-LOOKING 
AND GOOD 
“FEELING” 

DIE CAST HANDLE 






Be gcc a agecapngemne on —mmpnce tn 











WRAP-AROUND 
F COVER 
EASILY ACCESSIBLE ~ ae gives ory 
MOUNTING HOLES 3 . a 5 access to drum 


MERELY LOOSEN 
SCREW AND SLIDE 
PLATE to change from ce ‘to s 
momentary to } is "et 4 SINGLE SCREW 
maintained contacts ‘y : - COVER MOUNTING 
—or vice versa ¥ Mo Pt eet —screw cannot 

fall out 


INDEPENDENT 
SWITCH MOUNTING 
prevents misalignment 


TERMINALS for 


front wiring 


HEAVY CONTACT 
SURFACES for  * 
long operating life “ RAISED EDGE 
ae ; for base mounting 
without spacers 


TWO CONDUIT 


OPENINGS maximum rating 


2 horsepower 


This all-new Allen-Bradley reversing drum switch was designed 


to keep pace with the mechanical beauty designed into so many 


of the modern machine tools. 

The Bulletin 350 reversing switch is equivalent to a three- 
pole, double throw switch... and ean be used with d-c motors: 
or single phase. two phase, or three phase a-c motors. 

Investigate the Bulletin 350... the new leader of its class .. 
in appearance, ease of installation, and operating life. An Allen- 
Bradley quality switch... in every sense of the word. Send for 
descriptive bulletin. 


ALLEN-BRADLEY 


MOTOR CONTROL 


Allen-Bradley Co., 1316 S. Second St., Milwaukee 4, Wis. 
In Canada—Allen-Bradley Canada Ltd., Galt, Ont. 





EASY TO INSTALL 
LOCKED ARMORED 
VEN BENDING 


ROM ROMANARMORS 





LOTS OF AIR AROUND THE ARMOR.€ 
HEAT S'NT BOTTLED UP BKERE Like a 

TUNG |S A CINCH, IT 1S INS}DE CONDUIT. THAT'S WHY 

SO NEW CIRCUITS , THESE CABLES CARRY MORE CURRENT. 

ADDED aT ANY TIME 1; > : 








CABLE TAKES UP 
LESS ROOM THAN MULTIPLE CONDUIT 
RUNS... ANO SEE HOW NEATLY 
J. COPE LADDERS ACCOMMODATE IT 








Reduced nen requirements Less space 


rR » Cable’s interk eked armored cable 


1s 


1e inck less width for each three-conductor 
i cn COI } I 


500 MC M inte rlocked cable than for cable-in-conduit 


FREE BULLETIN de seri bes all the benefits 
Interlocked Armored Cable 
ROME CABLE CORPORATION 


Department 731, Rome, New York 
For eee. te 45, e0e- volt service R ome’ s be iter- Please send me a f the new Rome Ca 


i\ bie in three-ct nd ucte E etin RCP-730 
A EER “a 
+ 


7 ' ; 
han aescribed 


of Rome’s 


mnitact 
1} f 7 
Cable 1 »presel aSkK [for your 


Bulletin R¢ P-730, Or. mail the 


coupon 


ROME CABLE 


ceo -* of 8 A TF aOR 
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New Products 


MINIATURIZED 
CARRIER TELEPHONE SYSTEMS 
FOR RADIO AND 4-WIRE CABLE ae eae ee 


] 
sonal Caicula if 


( 


tiplies in 


FOUR OR 24 CHANNELS 


Two miniaturized voice-multiplex systems providing 
four or 24 voice channels over radio or 4-wire cable 
are available. They have many advantages over earlier 
designs: high performance, small size, light weight, low 
cost, circuit simplicity, low power requirements, small 
number of tubes of a single type only, low operating 
cost, low maintenance and high reliability. 

These systems provide a voice-channe! flat within 1 db 
from 300 to 3500 cycles, for each 4 ke of bandwidth 
occupied. Each channel is equipped with hybrid, signal- 
ling, and dialling circuits for all the standard 2-wire and 
4-wire loop options. 

The basic unit provides an order-wire and 4 carrier- 
derived channels. These units can be stacked in groups 
of 2, 3, 4 or 5 by means of a group modem to provide 
9, 14, 19 or 24 channels. Full flexibility is provided for 
dropping and inserting channel groups at repecter and 
terminal points. Moderate lengths of 4-wire cable or 
open-wire line may be inserted between the multiplex 
equipment and the radio terminals 


24-channel carrier-telephone terminal complete with hybrids, 
ringing and dialling circuits, and test facilities. Dimensions are 
58 high, 16 wide and 8’ deep. Power input 250 watts. Weight 
326 Ibs. 


RADIO ENGINEERING PRODUCTS 


1080 UNIVERSITY ST., MONTREAL 3, CANADA 


' TELEPHONE CABLES 
UNiversity 6-6887 RADENPRO. MONTREAL 
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Let Hevi Duty 
Help You Choose 


THE RIGHT 
SPECIALTY 
TRANSFORMER 


Ma 


SICB, 150 VA, 230 
d > voits enclosed 
us autotrans- — tvle with Dullt-in ther- 
This is just a small ree is used for reduc mal circuit breaker for 
° ed-voltage starting of syn . ad protection. This 
sample of the broad chronous and induction 
. oe. ‘ motors. 50, 65 and 80 per 
line of specialty cent taps are normally 
transformers built by provided. Terminals may 
° . . be m ted on the coil or 
Hevi Duty Electric + - uaa arcs amasis 
Company. They are = Adjustable Splice Plates. 1 
available in all sizes ee ret 
with any desired pri- 
mary or secondary 
voltages or frequen- 
cies. All are designed 
to meet or exceed 
NEMA standards. ype SIO, 10 VA, 
primary 110/220 volts 
Low-voltage pilot ligh CONTROL WINDING — Secon 
transformers up to 600 V dary 230 volts, .032 amps, 7.4 
primary VA 
FILAMENT WINDING Secon 
lary ¢ olt amps, 1.9 


VA 





Write for bulletins CERT ERATE Ie 
HD-499 and T-5111 HEAT TREATING FURNACES HEMI=EBUTY ELECTRIC EXCLUSIVELY 
or send us your DRY TYPE TRANSFORMERS CONSTANT CURRENT REGULATORS 
requirements | MILWAUKEE e WISCONSIN 
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How THE SIJLIGOSI SS QIAN weppep... 
ADD MUSCLE TO THE BRAWN THAT LIFTS A BUCKET OF STEEL 


want HUNDRED tons of molten steel handled like 
That's po 


= in production, the demand to do more 
work with small. 


1 cup of tea 


wer with something to spare 


> 
But increase 


compact equipment keeps electri 
motor design engineers on their toes 


Phe Elliott Company of Jeannette. Pa. is one of 


the leading supp lic rs of electric motors for steel mill 


ipplications. Recently. 


Elliott engineers wanted to 
increase overload capacity. life span, and resistance 
to corrosive atmospheres 


H insulation, and asked th 


the necessary silicones. 


The ‘ de ‘ idle d to use ¢ lass 
Silicones Man to supply 
Phe result? A complete line 


of Class H mill motors with an expected life ten 


Unlocking the secrets of silicones 
Rubber, Monomers, Resins, Oils and Emulsions 


Carl trade-mark of UC¢ 


times that of present tvpes! It’s just one more exam- 
ple of how the specialized knowledge of the Silicones 
Man has helped solve an “impossible” problem 


Find out the latest information on silicones fo 


Class H insulation or any of the other silicone prod- 
ucts that solve problems of heat. cold. strength. cor- 
rosion. Call your Silicones Man. or address Dept 
DE-6706. Silicones Division. Union Carbide Corpo- 
ration. 30 East 42nd Street. New York 17. N.Y. (Jn 
Canada: Bakelite Company, Division of Union Car- 


hide Canada Limited, Toronto 7. Ontario. 


SILICONES 
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From Westinghouse Plowback of Earnings for Research... 


A new measure of high-speed 
differential protection 


for transformers 


In the new Type HU variable percentage different 
relay with second harmonic restraint supervision 
Westinghouse now offers more complete and reliable 
protection than ever before available for two-or three- 
winding transformers. 

Restraint supervision, on second harmonic only, pre- 
vents false trip-outs on inrush currents. The relay does 
not restrain on third harmonics, thus providing full 


SA 


protection against heavy internal faults. The variable 
percentage operating characteristic eliminates the need 
for sensitivity taps on the relay, yet provides sensitive 
detection of light internal faults and ample restraint 
for heavy external faults. 

Two high-speed polar-type units in the HU relay 
provide simplified operation: (1) a differential unit to 


distinguish between internal or external faults; (2) a 


ELECTRICAL ENGINEERING 














harmonic restraint supervising unit to disting 


a ne 


nrush and fault currents 


onic differential units will operate i 
ind the instantaneous trip 
for heavy internal faults. The re 
, requiring about three volt-amperes at ta 
current. Built-in ratio taps compensate for mi 


of line current transformers on both 
winding applications 


two-and three- 


dequate transformer protection 


is also provided 
during reduced frequency operation, such as exists 
during 


ng the generator warm-up period. 

For further details about HU relay transformer pro- 
tection, call your Westinghouse sales engineer or write 
Westinghouse Electric 


Corporation, P.O. Box 868, Westinghouse 
Pittsburgh 30, Pennsylvania ‘ S 


you caw BE SURE... 1 rvs 
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POWER , New Products 
FREQUENCY For CHRISTIE 
METERS Missile ale |e 


power n al ) t nm announced by 
.for monitoring of power generating ; POWER torola. Powered by ondinary Gachliahs 
equipment in aircraft, surface vehicles or Testing RECTIFIERS itteries, the \ orized ver 
fixed installations. * 
Available in Industrial 
onc Military types. Mili 
tory type meets specs 
MIL-E-4970 and MiIL-I 
6181. Other stationary 
and mobile styles avo 
able up to 1500 Amps 
MODEL 200... designed for continuous in- 
. dication of frequencies in the 400 cps region 
@ Accurate to + 0.25% at 400 cps 
Direct Reading Dial 
Tubeless Circuitry 
Powered by Input Signal 
Ruggedized to MIL-E-5400 
Frequency Range: 
Model 200-D 392-406 cps 
Mode! 200-E 360-440 cps 
May be mounted independently of the sensing Write for 
mechanism. Tubeless circuits insure long, trouble- Bulletin 
free life under extreme conditions PEL: 
AC-58-A Dual Transistorized Power Supply 
CHRISTIE ELECTRIC CORP. 
Dept EE, 3410 W. 67th St., Los Angeles 43 


Over o Quarter Century of Rectifier Manufactur ng 
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MODEL 292... designed for continuous in- 
dication in the 400 cps region where calibra- 
tion accuracies of + 0.1% are required. 


WANTED 


BACK COPIES OF 
Ruggedized Construction 


eg — 
APRIL 1958 


Model 292-E 360-440 cps 


Calibration Accuracy + 0.1% 
Direct Reading Dial 


& 

s 

@ Tuning Fork Calibration Unique Metal Insulation. The 
e ¥ ‘ 

a 


on ot 


A 
; 
¢ 
5 
: 
4 
: 
a 
: 
: 
7 


mechanism. Temperature cycled inductors pro- 
high stability and repeatability under ex 


May be mounted independently of the sensing 


ELECTRICAL 
ENGINEERING 


Please mail (parcel post) to: 
AMERICAN INSTITUTE OF 
ELECTRICAL ENGINEERS 
33 West 39th Street 
New York 18, N. Y. 


f you are faced with a development, design or 
production problem in the fields of automation, 
electronics or data reduction equipment, contact 
our engineers. They will be happy to aid you 


consouipateo AVIONICS corporation 
A SUBSIDIARY OF 


CONSOLIDATED DIESEL ELECTRIC CORPORATION 
800 Shames Drive, Westbury, New York 
EDgewood 4-8400 
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Print your name and address 
upon mailing wrapper. Twenty- 
five cent refund plus postage will 
be paid for copies returned. 


Color Coding. A 
now ing ottfered 


ment COrpor 
10052 Larson Ave., Gard 
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For further details contact ] 
Sales Manager. Circle ? 
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Now! A bigger choice 
of G-E high current 
silicon rectifiers 


MORE THAN 290 TYPES LET YOU 
MATCH RECTIFIER TO JOB MORE 
ACCURATELY AT LESS COST 


Start With These Basic Units 


Type 4JA60 Type 4JA62 
series series 
Maximum Peak Inverse Voltage 50 to 400 50 to 400 


Operating Junction Temp 200 C 150 C 

Max. Ave. Forward Current Per Cell 
Stud temp 

, 64 amps 

41 amps 

24 amps 


Mex. Allowable 
1-Cycle Surge Current 900 amps 


Typical Forward 
Voltage Drop 
1.0 
Then Pick the Variations You Need 
Positive polarity (stud is cathode) 
Negative polarity (stud is anode 
Flexible braided lead 
Top stud 
Without fin 
With unmounted single fin 


Hundreds of stacked combinations for almost every circuit requirement. 
Up to 12 fins with inputs as high as 840 volts. 


GENERAL @@ ELECTRIC 


For more information circle 34 on reader service card 





CONTINENTAL 


'. 


INSULATED 
POWER CABLE 


70 15,000 
14 AWG 
2,000,000 ¢' 





With a complete range of voltages 
sizes, Continental Wire offers POWER 
CABLE in types V 
AVB 


TAPE 


and 


AIA AVA 
SILICONE RUBBER TEFLON 
and VARNISHED GLASS TAPE 
for extremely high temperatures. For power 
able with excellent current carrying 
Ipacities, resistance to oil, grease, 
Orrosive vapors, moisture, as well as 
high temperatures—coll 
CONTINENTAL, Wallingford 


Coz2f£22€e72f a! 
W2azare corporation 


WALLINGFORD, CONN. / YORK, PENNA 
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Plugs and over | 


Electric Expands. manufac 


f the OK Fuse 
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10 Bridge Plaza § 
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Mate 


Bendix Opens Analog Computing Facility 


Research and Development Facility Set 


Up A new researct ur 
' —_ ana = R 


Pilot Plant Acquisition. A 


office. Electronic Brain for Lighting Dynamics 


Shure to Make Dynetic Cartridge. 


informatior 


new catalog, me 


4 Stationary co efhiaents 


are 
The catalog may be reset 
to Lighting 
Blvd 
cthting Dynamics 
yssador Row. Dallas 


nonse with lo method Lé 
Dynamics, In¢ 
Whittier, Calif 
I 8700 A 


Texas 


ting 


compliance 
: \\ Whittier 


studio dynetic 
idio dynetic oy I Texas 


g force of one 
ynetic ca 
New Research Firm. Lhe hrm ot Wi 
Mf. Brobeck & Associates, 1920 Park B 
Oakland 6, Calif., has rganized t 


engineering 


been o 


researct desigi 


development, and process in 
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hiild } 
ip i iil i i¢ itivVely 


Prefabrication and Helicopters. Putting 
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UNI-MATIC | JUST PLUG IT IN age 4 
= WHERE * 


‘; ‘ 


i 4 lars 

if F/ VE Col 0! » 2 « « anything written, printed, typed 
TANT =—__ drawn or photographed, right in your own office. 
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High Speed “‘Synchro-Copying”’ 


one 
auTro™ 


gteP--° 


The Apeco Uni-Matic Auto-Stat is the world’s fast- 
est, easiest to operute, all-purpose copy-maker. The 
original to be copied is inserted into machine . . . the 
copy feeds right out . . . original is instantly returned. 


Look Alike Copying 
ALSO AVAILABLE ON LOW COST LEASING PLAN 


a a 1 . -— - aaa weeweeeeeeeeeeneees eee 

,oinA® ( . ; ‘a } American Photocopy Equipment Co. 
\ 2100 W. Dempster St., Evanston. iil 

Rush me, without obligation, your new free 

_“ : book on the revolutionary new Apeco Uni- 

corP : Matic Auto-Stat. I understand this book 

=< " explains office photocopying applications in 

detail and shows how my business can greatly 

benefit by the use of this modern copy-maker. 


oF E.58 


The Apeco Uni-Matic Auto-Stat produces white 
copies that look exactly like the original. Whites are 
copied white, blacks are copied black—and middle 


tones in grays of equal intensity. Compan T 
o a y ype 


Send for new FREE BOOK ig me 


Tear off and mail this Air Mail ; 
° , d Individual Title 
Postage Paid reply cara. In Canada: Apeco of Canada, Litd., 134 Park Lawn Rd 


In Mexico: Apeco de Mexico S. « 
Esq. Jose Moran, Mexico 1 








The first 


really automatic 








ALL-PURPOSE copymaker! 


ONE STEP 





With the amazing, entirely new 


Y Y 4 T j q SWEEP-LINE 
& XN : _ Ni yi CONTROL 


INSTANTLY COPIES ANYTHING AUTOMATICALLY 


UNI-MATIC 


No matter what copy machine or method you now 

use you will be interested in knowing how the excit- 

ing new Apeco Uni-Matic Auto-Stat can save you Instantly copies letters, invoices, receipts, charts, blueprints, photographs 
time and money by cutting costly office paper work. quotations, drawings, catalog pages—anything 

A LIBERAL TRADE-IN OFFER ON ANY COPYING AMERICAN PHOTOCOPY EQUIPMENT CO. 
EQUIPMENT IS AVAILABLE FOR A LIMITED TIME. 2100 W. Dempster Street, Evanston, Illinois 


AARAAAAAAN 
[esc rane HAVE YOU 











copy-maker in your business? 
2100 W. Dempster Street 





AMERICAN PHOTOCOPY EQUIPMENT CO. % Auto-Stat and how you can use this revolutionary 


TEAR OUT AND MAIL THIS AIR MAIL 
POSTAGE PAID REPLY CARD TODAY! 


AAAAABA — 


Evanston, Ill. 


‘ en READ THIS 
[BUSINESS REPLY CARD| NEW BOOK..: : 
\ ee explaining in detail the new Apeco Uni-Matic 





New Roeclamp Cable System 


Costs 60% Less than Self-Supporting 
Cables, Minimizes Tree Problems, 
Installs with Ease, | 
Looks Better! Sean ries ny one of ea 


crance. No crossarms ore needed. 








Designed for Skv systems (2400/4160Y and 4800 greater number of finer strands for extra flexibility. 
v delta) and 8kv systems (4800/8320Y and 7200 Standard insulation is extruded ROEPLASTIC® 
v delta), the Roebling Aerial Spaced System P-11R7 (other extruded insulations available). 
actually costs 60° less than conventional self- ROECLAMPS come complete with grommets to fit 
supporting cables. It provides a neat, compact cables and messenger you order. 
appearance, improved voltage regulation, higher Ask your Roebling representative to show you 
current-carrying capacity, and positive phase iden- the remarkable new RoectampP. He'll tell you 
tification. more, too, about the unusual savings and improve- 
Up to three conductors can be carried by ments you can effect with the ROoECLAMP System, 
ROECLAMPS, which are suspended from a strong or write Electrical Wire Division, John A. Roeb- 
messenger. The messenger also provides protec- ling’s Sons Corporation, Trenton 2, New Jersey. 
tion against lightning and falling limbs. ROE BLING &» 
Aluminum conductors come in 17 standard sizes — 
and strand constructions, and are made with a sbridsery of The Colorede Fes! exd tren C @ 


he Colorode Fuel and irom Corporction 


Roeclamp has unit construction... installs in seconds— without tools! 


Note how easily conductors drop into 
One motion and ROECLAMP is on mes- place. Installation is measured in sec- 
senger and ready to receive conductors. onds, even with 
Phase changes and repairs do not neces- ROECLAMP is 
sitate removal of clamp. ROECLAMP 1000-Ib 
comes complete with grommets to fit 


' 35 ROECLAMPS are required every 1000 
Pi — ougpegiicy, feet. Installation is completed by hanc- 
exigias tests fo over tightening of nut. Not even @ scrow driver 
breaking strength, offers out- : 
standing weather resistance, best pos- s reqenes 


*Pot. pending 
messenger and conductors you order. sible electrical properties 


tReg. T.M.—Rohm & Haos Co 
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FEEDBACK 
CONTROL SYSTEMS 
CONFERENCE 


The second Feedback Control 
Systems Conference was held 
April 21-23, 1954 at Atlantic 
City, N. J. The papers, as pre- 
pared by their respective au- 
thors are included in publica- 
tion $-63. The technical papers 
and scheduled demonstrations 
covered the foilowing fields 
and subjects: 


Industrial regulators 
Tracer machine tools 
Process control 
Nucleonics 


Aircraft engines 


Flight path control 


Fire control 

Platform stabilization 

Flight simulators 

Computers 

Test equipment 

Magnetic Amplifiers 
Potentiometers 

Gears and dampers 

The preceding list indicates a 
wide range of applications of 


feedback control as well as the 
diversity of components. 


This 158-page publication, 
S-63, is available at the price 
of $3.50 to members and non- 
members from the Order De- 
partment 


AMERICAN INSTITUTE OF 
ELECTRICAL ENGINEERS 


33 West 39th Street 
New York 18, N. Y. 


% STIL 
OPERATING 
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% RATED LIFE 


If you want 
reliable transformers 
..don’t overlook this old solution 


Right now, you demand more from 
transformers than ever before. You 
must have high reliability, even at 
extreme altitudes, and you need 
smaller lighter units. 


Used, and proved, for decades, oil- 
encased transformers should not be 
forgotten in a search for new 
methods. 


Everyone knows the advantages: 
effective convection of heat, excel- 
lent insulating properties, complete 
insurance against hidden leaks. Oil- 
sealed types (with a nitrogen bub- 
ble) are good, light, high-altirude 
transformers. Gas-free oil-filled 
types (with a bellows to allow for 
heat expansion) withstand very high 
voltage stresses. Except in the small- 
est sizes, they save space, too. 


You can place several high voltage 
units close together in a single oil- 
filled case, and save case weight. 
Those connections moved inside the 
case no longer need large insulators. 
Even the units themselves can be 
smaller. This all adds up—particu- 
larly in high altitude service—to 
interesting savings in space and 
weight. 


We make all sorts of transformers 
and special assemblies for the com- 
munication industry: encapsulated, 
cast in epoxy or foam, and just potted 
in pitch. But oil transformers still 
have an important place. 


Whatever type you need, we'll be 
glad to hear from you. Our facilities 
in design, production, and quality 
control are at your service. Our 
experience, too, 


CALEDONIA 





ELECTRONICS AND TRANSFORMER CORPORATION | 














Dept. EE-5, Caledonia, N. Y. 


In Canada: Hackbusch Electronics, Ltd. 
23 Primrose Ave., Toronto 4, Ontario 
Circle 37 on the card. 





Industrial Notes 


Continued from page 412A 


Electro-less Copper Plating. An electro 


less process of plating high conductivity 


copper on cerami directly out of solution 


is proving both economical, because of 
mass production methods, and more efh 
cient electrically because of the close 
bond it effects | 


chemical etween copper! 


and ceramk The copper is plated 


ul 
formly on irregular or complex surtaces 
Referred to as the Kemetal process 

used in the manufacture of disc Capacitors 
and feed-throughs. Furthe 

may be obtained t 

Radio Industries 


Ave Chi 


Alcoa Die Casting Alloy. An alumi: 


casting lo I yuilt-in stru 


surtaces 


issem|! 


ps! 
obtained by y 
ot America Root 
Pittsburgh 19, Pa 


nearest Alcoa sales off 


Scintillation Crystals. I 
sodium-iodide  crvstals 

5 bv 4 inches long plu 
can be supplied in any s! 
rations derivable from 
ders, cylinders 

ends and cvi 

wells car 

enclosed 


mounted 


the production of these crystals special 
attention has been given to the attain 


ment of the highest possible optical cl 


il 
ity for the minimum absorption of visible 
and ultraviolet light to result in maximum 
effective conversion efhiciency and superior 
resolution: and uniform distribution of 
thallium to insure response to gamma rays 
uniformly throughout the crystal volume. 
Transmission characteristics of each in 
dividual crystal are tested and recorded 
in an automatic monochromator. For fur- 
ther information contact Levinthal Elec 
tronic Products, Inc., Nuclear Division 
Stanford Industrial Park, Palo Alto, Calif 
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AFETY Mm. I. CABLE 


the answer 
fo industrial 
power 
wiring... 


SPACE SAVING INSTALLED EASILY 


Time saving Fast power wiring 


Permanent to cut down-time 


More and more General Cable’s Safety M! 600 Volt 
Wiring System is being used because it can take the abuse 
of industrial application, giving trouble-free operation 

and unexcelled performance under the most severe 
conditions. Particularly adaptable in hot and wet locations. 
Available in 1, 2, 3, 4 and 7 conductor for power and 
control circuits. 


MI terminating in main Japan Oven contro! center switchboard 


Ask for a Demonstration To-Day! ot Poinsett Lumber and Manufacturing Company, Anderson, S.C 


GENERAL CABLE CORPORATION, 420 Lexington Avenue, New York 17, N. Y. 
Offices and Distributing Centers Coast-to-Coast 


for quality and service...specify 
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safety, simplicity, ease of installation and maintenance with 
G&W high voltage (69 to 230kv) cable terminating devices 


SIMPLICITY — A minimum of parts, each designed G&W tests exceed A.I.E.E. withstand tests 
for maximum function. 230kv pothead terminating | 
VERSATILITY — Method of fabricating base readily 1/C,500mcm,230kv,PILC, | A.I.E.E. Actual 


ae } | 
adapts it to varying installation conditions. HPOF cable | No. 48 | Tests 


NO CASTINGS — Points withstanding pressure, top Impulse, 1.5 x 40ms | 1050kv 1232kv 
and bottom fittings, are fabricated non-magnetic stain- 60 cycle, 1 minute dry | 545kv 575kv 
less steel and spun copper to eliminate hazardous brittle, 60 cycle, 10 seconds wet | 445kv | 545kv 
porous nature of castings that are susceptible to leaks. 60 cycle, 6 hours dry | 315kv | 340ky 








The sound engineering principles of G& W potheads will eliminate the complexities of your cable terminating 
problems. Their safety, ease of installation and minimum maintenance are essential requirements in which 
you'll be interested. Notice the features and overall design pioneered by G&W. Specify them with 
confidence in your plans for high or low pressure oil or gas filled cable systems. 


SUPPLEMENTARY STRESS 
CONTROL PORCELAIN / 


GROUNDED SHIELDING — 


“PAPER ROLL” OR TAPE 


STRESS RELIEF TAPE 


BRONZE ANCHOR RING 
| 


RESISTOYL GASKET a) 
FULLY RETAINED 


NON-MAGNETIC STAINLESS 
STEEL OR SPUN COPPER BODY 


INTERNAL FILTER BY-PASS — 
(EXTERNAL CAN BE USED) | 


SEMI-STOP GLAND 
RESISTOYL SEALED 


AT571 








CONNECTOR FERRULE 
SOLDER OR PRESS TYPE 


NON-MAGNETIC STAINLESS r_COPPER HOOD 
STEEL OR SPUN COPPER CAP \ \ BRAZED TO CAP 


RESISTOYL GASKET \ 
FULLY RETAINED 


CORONA SHIELD 


BRONZE ANCHOR 96 re 


INSULATED CABLE —— 
CONDUCTOR 


PORCELAIN TUBE 


STANDARD VOLTAGE RATINGS AVAILABLE 
69KV — 92KV — 115KV — 138KV — 161KV — 230KV 


The first 230kv pothead installation in the U.S.A. — Garrison 
Dam, North Dakota. Potheads are installed in switchyard where 
oil pipe cable is brought from power house transformer deck. 
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GaW ELECTRIC SPECIALTY COMPANY 
3500 W. 127th ST., BLUE ISLAND, ILLINOIS 





At Hughes, the technique of multiple unit packaging has been perfected to an 
extent never before achieved. Now specific circuit configurations can be 
housed in any one of four Hughes packages. Each has its own advantages but 
all offer one prime advantage — convenience. 


Many individual parts are reduced to a single component—solving a spare 
parts problem for matched units by eliminating the chance they will become 
separated; circuit design and installation are simplified; and space problems 
are minimized by the unusual compactness of Hughes multiple unit packaging 
With these features Hughes combines the ability to adjust to a wide range of 
individual requirements, while providing a completely satisfactory assembly. 


ENCAPSULATED PAIR METALLIC OCTAL SOCKET 
S60" 2 372" « .2” 
ENCAPSULATED 9-PIN 


ENCAPSULATED QUAD MINIATURE 


o 78° x .8° x.25° 
Both are plug-ins intended primarily 
These two Hughes solder-in units can 


as direct tube replacement, and both 
house either matched or unmatched 


can be adapted to contain special cir- 
diodes in a variety of different ways. cuit configurations 


Applications: Full wave rectifier—bridge rectifier—modulator—demodulator— phase 
detector—and many others. 


For literature, write: HUGHES PRODUCTS, Semiconductor Division, International Airport Station, Los Angeles 45, Calif 


Creating a new world with ELECTRONICS 


HUGHES PRODUCTS | 


SEMICONDUCTORS re) 


1956. HUGHES AIRCRAFT COMPANY 
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ARNOLD offers you the widest selection 
of Temperature Stabilized 
MO-PERMALLOY POWDER CORES 


Arnold Molybdenum Permalloy powder cores are available 
with the temperature coefficient of inductance controlled 
within certain limits over specific temperature ranges. Most 
core sizes and permeability combinations can be supplied 
in at least one of the four different types of temperature 
stabilization available. 

For example, most of the popular core sizes are manu- 
factured in the new type of wide range—‘‘W"’—stabilized 
cores whose temperature coefficient of inductance does not 


For more information write for 
Bulletin PC-104B8 

ne ‘ P ypwder 

OoO.D 
types 
Pre 


lloy 
0.260 
1 Various 


68° F to +1 


ADDRESS DEPT, EL-85 
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exceed 0.5% over the temperature range covered by the 
MIL-T-27 specification of —55° C to +85° C. 

This type of guaranteed maximum change of inductance 
with temperature, as well as the constancy of permeability 
with time and flux level, are of particular importance to 
cpporatus and circuit engineers. Many precision military 
and industrial applications demand the uniform performance 
and the excellent physical properties found only in Arnold 
Mo-Permalloy powder cores. 

For design flexibility they are furnished in a full range of 
sizes, up to 5.218’’ O.D., in four standard permeabilities: 
125, 60, 26 and 14. You will find them dependable and easy 
to use. You will find most sizes and types in stock now 
for immediate shipment. 

@ Let us furnish your requirements for temperature sta- 
bilized Mo-Permalloy powder cores, or any magnetic mate- 
rials you need, from the most complete line in the industry. 


wsw 6939 
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another 
electrical 


FIRST 


from Alcoa! 








New Temper for #2 EC Alcoa Aluminum Bus Bar 
Increases Conductivity from 59% to 60%... 
at No Increase in Cost 


Substantial Savings Now Possible Through Reduced Power Loss 


A new peak has just been reached in Alcoa’s continuing efforts to improve the 
efficiency and reduce the cost of electrical equipment. 

Now, Alcoa® Aluminum alloy bus bar with guaranteed minimum electrical 
conductivity of 60% IACS is available for many applications, at no increase 
in price. 

The new temper of Alcoa #2 EC alloy, designated T64, is the culmination of 
Alcoa pioneering which has raised the guaranteed conductivity figure, point 
by point, from 55% in 1954. It means that now you can count on real benefits 
and savings, chiefly from reduced power losses. 

Guaranteed minimum tensile strength of the new T64 temper is 15,000 psi, 
with a corresponding yield strength of 8,000 psi. Bending properties are 
excellent. 
























Calculated for Savings! 


The actual savings you can expect as a result of the new Alcoa #2 EC-T64 ™ 
‘ bus bar are apparent in this example: 2. 


as % in.x4 in. aluminum bus bar e Weight—1.176Ibs per ft ¢ Average load current—1,000 amps dc 

Average operating temp.—70°C e¢ Operating time per year—2,000 hours e Line losses— & 
$.015 per kwh ¢ Interest rate on investment—5% « Amortization period—20 years > 
For 59% conductivity R= 16.50 x 10* £2/ft 


P, =1?R = 1000? x 16.50 x 10*= 16.50 watts per ft ¢ Energy loss = 16.50 x 2000/1000 =33.00 kwh 
Annual cost of losses = 33.00 x .015 =$.4950 per ft 


For 60% conductivity R=16.27 x 10* £2/ft 
Annual cost of losses = $.4881 per ft « Annual savings =.4950—.4881 = $.0069 per ft 
1-(1+i)° i=interest rate 













‘ w 
a as hl 










Present value of benefits=C where n=amortization period ‘ 
C=annual savings 
Present value of benefits=.0069 1~(1+ .05)"°_¢ og60 per ft 


05 
; .0860 
Converting to a per-pound value: Present value=y776=3.0731 per Ib 





This means one could afford to pay up to $.0731 per-pound premium for 60% 
conductivity aluminum bus conductor based on the annual benefits received; 
this represents a saving in bus conductor cost of about 15%! 







—~ 


, a 
ALUMINUM | 
A saw J 
Your Guide to the Best 
in Aluminum Value 


“ALCOA THEATRE” 
Exciting Adventure 
Alternate Monday Evenings 












Developed by HOLOPHANE Research 


and ‘‘Know-How’”’... 


<The Newest Luminaire 
Specialty Designed tor 


een 
——_—-- 
en 
Ragland di sie it oo 
Rit, aii 


Sl he te te 


OUTDOOR SUBSTATIONS 





_ Removable Cover 








Behind this new luminaire are the concentrated experience Refractor 
and specialized knowledge accumulated through 35 years of 
Holophane leadership in outdoor substation lighting : Reflector 
Totally new in design and performance —this is the only om 

luminaire in the field to offer all these advantages: 














@ Highest Utilization of Light... Upward distribution of 
more than 60% of total lamp lumens provides effective Fitter (Slips 1+” Pipe) 











illumination of overhead structures. 





@ Absence of Glare... Light is directed upward, away 
from operator’s vision. 


@ Durability ... One-piece prismatic refractor is molded 
ENDURAL* glass. Fixture parts are stainless steel and 
aluminum. Construction withstands the effects of time, 
temperature and the elements. 


To be sure of 
Quality, look 


@ Low ves Ngee , : a gasket assemblies keep unit : : for the nome 
ther-tight irt- ne | = / 
weather-tight an irt-free...Easy to keep clean HOLOPHANE 


@ Adjustable Light Distribution ... Entire unit can be x impressed in 
rotated, up or down while lamp is on, to adjust beam of each piece... 
maximum candlepower. Set screw locks unit in adjustment. - 


@ Easy, Safe Relamping... Unit mounted on bracket or 
post top; no danger of contact with high voltage. 


Write for Engineering Data H Oo f oO Fr efi A Re i om 


= COMPANY, INC. « Lighting Authorities Since 1898 


For Better Lighting Holo »hane BE SPECIFIC... 342 Madison Ave., New York 17, N. Y. 
j THE HOLOPHANE CO., LTO., 438 KIPLING AVE. SO., TORONTO 14, ONT. 


*® 
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TRADE LITERATURE 


Fireless Steam Cleaner Bulletin. A 


escTi S stea 


Conversion Factors Wall Chart 


Digitometry Bulletin 


( I ( 


Precision Finishing Catalog 


Bullet a5 


is Dec 





WITH SILVER-PLATED FUSES 





. a > 


NO.LAB_INSP 
UND SP. | 
ns ay) 


SHAWMUT 


Shawmut “t-d’’ Renewables have the best time delay characteristics 
of any renewable fuse. The t-d link gives maximum time delay protec- 
tion in the higher current ranges as well as in the overload zone. 
Short-circuit operation is instantaneous, along with a reduction in 
the rate of rise of recovery voltage. The t-d link notches blow one 
after the other with rheostat-like action. 


Precision-made. No soldered, weided or steel parts. Simple, sturdy, 
dependable. Easy to install, take apart or renew. Interchangeable links, 
renewable parts. Large silver-plated contacts. Adequate 2-way venting. 


Complete fuses and or renewal links are available for either 250 or 
600 V circuits; in ferrule ratings, from 0-60 Amps.; in knife-blade 
ratings, from 70 to 600 Amps. 

Order now or ask for t-d Bulletin 500 


The Chase Showmut C 


> THE CHASE-SHAW MUT co. 
374 MERRIMAC STREET + NEWBURYPORT, MASSACHUSETTS 
Subsidiary of 1-T-E CIRCUIT BREAKER CO. Philadeiphia, Pennsylvania 


2) 
- €8 -." 


<0 


tf ~ “ 
fAmptrap* Tri-onic 
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Translations of USSR Scientific and 
Engineering Journals Available to AIEE Members 








Journals List Price 


(1) “Elektrischestvo”’ 
Electric Technology USSR (quarterly) $56 per year* 


(2) “Radiotekhnika i Elektronika”’ 
Radio Engineering and Electronics, 
USSR (monthly) $45 per year* 


(3) ““Radiotekhnika” 
Radio Engineering, USSR (monthly) $30 per year* 


(4) “Elektrosviaz”’ 
Telecommunications, USSR (monthly) $30 per year* 


Subscriptions on basis of calendar year of original Russian publications 
* 50% discount to AIEE Members and members of such other organizations as may be arranged 


Libraries, research laboratories, government Members only send subscriptions and remit- 
departments and companies send orders to: tance fo: 


Pergamon Institute N. S. Hibshman, Secretary 
122 East 55th Street, New York 22, N. Y. American Institute of Electrical Engineers 
4 & 5 Fitzroy Square, London W.1 33 West 39th Street, New York 18, N. Y. 


The Pergamon Institute, a nonprofit foundation, will translate also any Russian article listed by title at a nominal charge. 
Inquiries on single articles should be sent directly to the Pergamon Institute 





SAMPLE CONTENTS, RADIO ENGINEERING, USSR—NO. 7, 1957 


1. Kotoaev Electric telescopy (For the jubilee of the invention by B. L Kh.i. Cherne Some questions on the use of the theory of four-poles in 
Rozing of the electronic televisor the calculation of networks containing transistors 


V.1. Gukov. Use of tapped filters for correcting transient processes in 
D.A. Novik. On some special aperture corrections in charge-storage linear systems A 9 
ectron-ray tubes 
M.1. Finkel’shtein Transient processes in comb filters 
A.la. Kornienko. Notes on the calculation of amplitude selectors for LA. Solov’ev. Book review: “Fundamentals of Roeder Osnovy radio 
levision receivers 13 lokatsis 
V.V. Furduev. Letter to the Editor 


Matkhanov. Calculetion of pulse squaring circuits 
P e 9 1-Union Scientific Session Dedicated to “Radio Day 


A 
A.M. Pokras. Problems in the theory of periscopic antennae 3 Odessa Scientific and Technica! Conference (dedicated to Redio Dey 


+> ads 





Special Issues of considerable interest and great value in honor of 
Oth Anniversary of the Bolshevik Revolution included with 
subscriptions to these two journals 


RADIO ENGINEERING & ELECTRONICS, USSR—NO. 11, 1957 


1319 A.A. Pistolkors, JN. Feld. The main development stages of the antenna 
nd feeder t th 
M.P. Doluchanoy. Investigations of radiowave propagation along the @ epthenercrieecedimlrriictess 
surface of the carth in the USSR 1344 | iforov. Development of interference resistance theory in the USSR 
A.N. Koazontzev Investigations of ionosphere radrowave propagation in 
the USSR 1360 S.M. Rytoy. Development of non-linear oscillations theory in the USSR 
A. Vvedensky, A.V. Sokolov. Investigations of tropospheric propaga N.D. Morgulis, V.M. Govriliuck. Forty years of Soviet Cathode elec 
tion of decimeter and centimeter radiowaves in the USSR 1375 tronics 


TELECOMMUNICATIONS, USSR—NO. 11, 1957 


Telecommunications and the Great Anniversary S.1. Evtyanov. Calculation of a generator in conditions of excess voltage 


+ ro t tector 
A.A. Pirogov. From mechanical relays to synchronous statistical detectors ia.!. Efrussi. Parasitic radiation of transmitters with two master oscil 


G.A. Levin Development of theory and technique of radio reception in lators 59 


t - ! 
the USS BR. Bevin Improvement of system by means of reservation 65 
G.Z. Aizenberg. Development of aerial techniques for radio communica 


tion and broadcasting P.K. Akul’shin. Effect of constructive line inhomogenerties via the ad- 


jacent 111 circuits 73 
Ale. Breitbart. Soviet Television broadcasting 


v P 
M.U. Polyak. From first high frequency apparatus to present long-dis N. Roginskii. Diagrammatic method of contact circuit synthesis 82 


tance communication systems ja.t. Velikin, E.V. Zeliakh Electric fitters with synthetic crystal resonators 89 
A.A. Kharkevich Signal transmission using Gudio-modulation 
9 . 1a.G. Koblents, D.A. lakobenko. Single-cycle commutation scheme with 
L.S. Gutkin. Generatised theory of diode detection of weak signals intermediate circuit L C on ferrites with rectangular hysteresis loop 101 
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you can help missiles ‘think’ better! 


Exper enced 
supe rvisory 


es 
edu 


1 


latest techni 
in Te Xas Ins 
ponents and 
77 
4 


il; 


y 


limitations into new 
concepts and new produ t his pioneering 
npany has 
1 current rate 
] 


a 
wth acce ler ated 


approa h a ui Tull I COl 

crown 20-t 

of over $70 milli 

by recognition I idual achievement...a 
: 


growth you can share, 


= 


And you will work at a plant within the city but 
awav from downtown traffic ... live within 15 min- 
utes of your work or your play — year-around recre- 
ational, amusement and cultural activities. 





* 
This Tl-tronsistorized telemetering system is more a “talker than 
a “thinker.” It provides four times the radiated power in a smaller 
package than comparable vacuum tube systems. Not “frozen” to old 
design standards, it is almost completely tronsistorized and is com- 


pletely electronic with no moving parts...a typical example of 
Texas Instruments policy of advanced systems engineering. 











ELECTRONIC AND ELECTROMECHANICAL APPARATUS — Radar, sonor, infrared, 
navigation, magnetics, telemetering, communications, computers, transformers. 
Write 8. E. Houston. 


SEMICONDUCTORS AND OTHER COMPONENTS — Transistors, transistor circuits, 
diodes, rectifiers, resistors, capacitors, test equipment, mechanization. Write 
W. E. Spaiier. 


RESEARCH — PhD level for research: semiconductor materials and devices, 
noise, surface, ferromagnetics, infrared, microwaves, magnetics, radiation 
damage, high speed data reduction, etc. MANUFACTURING — Engineers for 
production, planning, purchasing, cost analysis, etc. Write A. E. Prescott. 


TEXAS INSTRUMENTS 
INCORPORATE SO 


6000 LEMMON AVENUE DALLAS 9. TEXAS 
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Today’s emphasis on advanced transistor technology 
and solid-state devices and materials has opened up 
new opportunities in research and development at IBM. 


Opportunities in #4 Research and Development at 


So broad are IBM's activities in the electronic com- 
puter field that a properly qualified applicant finds 
the widest variety of research and development assign- 
ments available. Which of these areas, now open at 
IBM laboratories at Endicott, Poughkeepsie, and York- 
town, New York, offers the kind of career you want? 


Solid-state physics ® Physical chemistry 
Semi-conductor devices * Magnetic devices 
Analytical mechanics ® Circuitry application 
Mathematics, topology ® Reliability studies 


Qualifications 


Degree in electrical, mechanical or chemical engineer- 
ing, physics, engineering physics, mathematics, metal- 
lurgy or chemistry, and 


Proven ability to assume a high degree of technical 
responsibility in your sphere of interest. 


FOR DETAILS, just write, outlining background and 
interests, to: 
Mr. R. A. Whitehorne, Dept. 5500 
Mgr. of Technical Recruitment 
International Business Machines Corp. 
590 Madison Ave., New York 22, N. Y. 


IBM is a recognized leader in the rapidly expanding 
electronic computer field with a stable balance of 
military and commercial work. You will find exceptional 
opportunities for technical achievement and growth at 
IBM. Original developments and publications will un- 
doubtedly stem from your work. Salaries are excellent. 
Liberal company benefits set standards for industry. 





~ 


INTERNATIONAL 
BUSINESS MACHINES 
CORPORATION 





DCATA PROCESSING 
ELECTRIC TYPEWRITERS 
MILITARY PROOUCTS 
SPECIAL ENG'G. PRODUCTS 
SUPPLIES 

TIME EQUIPMENT 


Plants and laboratories: Endicott, Kingston, Owego, Poughkeepsie, 
Yorktown, N, Y.; Lexington, Ky.; Rochester, Minn.; San Jose, Calif., 





J-M Transite’ Ducts install fast to last... 
give complete cable protection. 


Because speed and economy set the Transite Ducts go in to stay. Non-cor 
pace in today’s highway programs, more juctive Transite is not affected by elec 
and more highway cables are going into rolysi 

Johns-Manville Transite Ducts. fills or high-salt soils in permanently 


For speed, Johns-Manville Transite damp locations. Millior f f 


ns of feet of in 


2 corrosive action of 


Ducts are strong, light and long—easy stalled Transite Ducts have proved that 
to handle and install. Workmen set Transite withstands earth loads and 
10-foot lengths in place easily, join them soil stress . .. resists vibration and shock 
up tight in seconds with snug-fitting from highway traffic. 

J-M Plastic Couplings, and Transite’s Let us send you free Transite Duct 
smooth bore is free of burrs and other brochure EL-29A. Write 


obstructions that may interfere or cause Johns-Manville, Box 14, New wi 
damage during pulling of cables. York 16, N. Y. In Canada, iM. 
For economy, J-M asbestos-cement Port Credit, Ontario. =! 


PR 


JOHNS-MANVILLE Transite Ducts shen Saenine: Seas Tie 


site Ducts can be laid directly in 
Made of Asbestos-Cement trench without concrete envelope 
J-M Condvit for direct buried banks and exposed runs or other mechanical protection. 
4J-M Korduct® for concrete banks 
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MR. EDWARD ACKERMAN _ 
THE MANHATTAN SHIRT CO. 


a - . 
oe ee - = bid 


Se 
“ Fusetron dual-element fuses 


protected 150 motors against 
burnout when a hurricane 
single phased our primary line 


MR. EDWARD ACKERMAN 
CHIEF ELECTRICIAN-THE MANHATTAN SHIRT CO. 
PATERSON, NEW JERSEY 


For more information circle 48 on reader service card. ELECTRICAL ENGINEERING 











“One afternoon a hurricane struck and single phased the 
line feeding our plant. 


“‘At the time, all 150 of our sewing machines were in opera- 
tion. No one suspected the motors were running single phase. 
Our first warning came when the machines started shutting down 
through the plant as Fusetron fuses began blowing to protect 
the motors. 


“‘T had no idea in what condition we would find the motors. 
It was certainly a relief when we checked and did not find one 
damaged sewing machine motor. Around 300 Fusetron fuses had 
blown to protect them. 


“You can imagine how costly it would have been to repair 
or replace these hp., 3 phase, 220 volt motors — and our 
plant would have been out of business while this work was being 
done. So we think we paid a very small price when our only ex- 


pense was replacing the 3-2/10 ampere Fusetron fuses. 


“Since this experience, our seven other plants have been 
informed of the above incident, and it has been suggested to 
them, that they protect all sewing machine motors with Fusetron 
dual-element fuses.” 


tions — ordinary fuses and circuit 
breakers protect only against short- 
circuits — but Fusetron dual- 
element fuses provide 10 point 
protection. 


Why Fusetron fuses provide 
safest, simplest way to 
prevent damage from single 
phasing. 

When single phasing occurs, the 
current in the remaining phase in- 


creases about 100 





Theoretically 
? FOR LOADS ABOVE 600 AMPS. — 
USE BUSS HI-CAP FUSES TO COORDI- 





73 but change in efficiency and 


May 


1958 


power factor makes it about 100 


This 100 ov 


uses of motor-running protection 


erload on Fusetron 
f 
size opens them and shuts down the 
motor. 

Such dependable 
against motor burnouts from single 


protection 


phasing has never before been 
available. 


You too, can get maximum 
electrical protection and save 
money by installing 
Fusetron dual-element fuses 
throughout the plant 


With rare exceptions on com- 
mercial and industrial installa- 


NATE YOUR ELECTRICAL CIRCUITS. 


On 600 volts or less, BUSS Hi-Cop fuses 
hove interrupting copecity sufficient to 
hondie ony fovlt current regordiess of 
system growth. 


They con be coordincted with Fusetron 
fuses on feeder and branch circyits to limit 
foult outages to circuits of origin. 





FOR MORE INFORMATION ASK FOR 
BULLETIN FIS ON FUSETRON DUAL- 
ELEMENT FUSES — BULLETIN HCS ON 
BUSS HI-CAP FUSES. 


BUSSMANN MFG. DIVISION 
McGrow-Edison Co. 
University ot Jefferson, St. Lovis 7, Mo. 


Play Safe! install FUSETRON dual-element FUSES and 
BUSS Hi-Cap FUSES throughout entire Electrical System! 


TWOSTNY MAmES th 
cucnies PRorecronm 


yy 





Acme Electric 
is your 


Best Source of Supply for 


SPECIAL 
TRANSFORMERS 


When you need transformers with special primary 
or secondary voltages, special voltage taps, special 
accessories or switch gear, you'll find Acme Electric 
to be your best source of supply. Our special trans- 
former engineering department has a wealth of 
experience, to assist or completely design to your 
application and our manufacturing facilities assure 
prompt deliveries 
Send specifications 
and details concern- 
ing application. 


110 KVA, 60 Cycle, Phase 
Changing Transformer 
Primary: 480 volts with 
two 5% taps, 3 phase 
3 wire. Secondory; 105 
volts to 140 volts (RC 
taps) and 140 volts to 
350 volts iFC taps) in 7 
volt steps; 2 phase, 
4 wire. 


¥ 


300 KVA, 3 phase, 60 cycle 
Primary: 2400 volts delta with 
four 2',% BNFC taps. Second- 
ary: 480 volts delta 


ACME ELECTRIC CORPORATION 


225 WATER STREET « CUBA, NEW YORK 


Circle 49 on the card. 





TOE 


ELECTRICAL e ELECTRONIC 
ENGINEERS 


We are 


have creative ability and want to advance 


seeking several experienc engineers who 
protession- 
ally. for work on stimulating research projects in the 


areas ot: 


Microwave Component Design 
Propagation lonized Media 
Transistor R. F. Circuits 


Radar Systems Analysis 


are r ideal working 


var 


t 
opportul 


H FOUNDATION. Ws 


, 
enerous rf 


should consis 
MOUR RESEAR( 
petitive Salaries. 


l 


A. J. Paneral 
ARMOUR RESEARCH FOUNDATION 
of Illinois Institute of Technology 
10 West 35th St. 
Chicago 16, Illinois 


OUTSTANDING OPPORTUNITY 
FOR A 
SENIOR ELECTRONICS SCIENTIST 


Unusually 
g for graduate 
35 to 45 


with broad ¢ 
in electronics 1 


capable ot supplyin 


coordination of resear 
techni il areas as elect or 


} } 
and nalog 


mechanical 


have insight f 


bomics 
electrical manufacturing industry 
ranging $12,000 to $16,000 to star 


In reply, please state education, experience 


ind starting 


, marital situation, present salary, 


required, Please address reply tc 


Box 623 
Electrical Engineering 
33 West 39th Street 

New York 18, New York 


CeeaeeUansoeenassaaNNuaSEED 


ELECTRICAL 


Veeeenpnonennenenananinnanee 


ENGINEERING 





PLH es 
ling Type Bus Support for Tubular Bus 


p for Tubular Bus 


DOSSERT 
HIGH-STRENGTH 
BUS SUPPORTS 


¢ Higher cantilever strength « Higher impact resistance 
Higher corrosion resistance « Greater durability 


These Dossert Bus Supports are made of a high 
tensile strength cast bronze alloy and are equipped 
with silicon bronze bolts and nuts, making the 

entire unit completely non-magnetic. Available for all 
sizes and types of busses. Dossert Bus Supports 

can also be furnished in Coupling, Tee Connecting, 
Elbow Connecting, Tee Coupling and 

Expansion Connection types. 


Special fittings and modifications can 
y a0} = readily supplied on short notice. 


Je y DOSSERT MEG. CORP. 


inew see 249 Huron Street, oe 22. XN. X. Representatives in all principal cities 
IN CANADA: W. S. Gerrie & Ass ron 
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ELECTRICAL 
PRODUCT 
DESIGNER 


EE degree, minimum 3 years ex- 
perience in design of electrical 
equipment necessary Position 
requires initiative and responsi- 
bility in research and develop- 
ment of apparatus utilized in 
transmission and distribution of 
electric powel! We offer prote S 
sional stature: high voltage high 
current resear« h rac ilities Salary 
ommensurate with experience; 
educ ati nal 

ent and hospitalization plans. 
Location, large city, Midwest. 
Reply should include details of 
experience, recent photo and 
salary requirements. Address: 


issistance;  retire- 
] 


Box 622 
Electrical Engineering 
33 West 39th Street 
New York 18, N. Y. 

















LIGHTNING 
REFERENCE 


BIBLIOGRAPHY 
1936-1949 


Prepared by the AIEE Light- 
ning and Insulator Subcom- 
mittee, this bibliography, 
S-37, contains 754 separate 
references on lightning and 
related topics published from 
January 1, 1936, to December 
31, 1949, in most of the better 
known English, French, and 
German journals on electri- 
cal engineering or physics. 


For easy reference, there is 
a Subject Section, subdivided 
into 18 classifications, and an 
Author Section, which con- 
tains a list of about 550 au- 
thors. Price: $0.70 ($0.35 to 
AIEE members). 


Available from the Order 
Department, AMERICAN IN- 
STITUTE OF ELECTRICAL 
ENGINEERS, 33 West 39th 
Street. New York, N. Y. 














pending on background at qualifications. Per 

expanding department 

CLASSIFIED ADVERTISING Address reply to Director, Division of Engineer 
ing, Lexas College of Arts and Industries, Kings 

For help and situations wanted, $2.00 per line, min- ville Texas 

imum 5 lines, maximum 30 lines. Sale and purchase 

of used machinery, etc., $2.50 per line, not avail- INSTRUCTOR OR ASSISTANT PROFESSOR 

able to dealers. Address orders to: Classified Section, in Electrical Engineerir beginning September 

ELECTRICAL ENGINEERING, 6th Floor, 33 West 39th 1958. One qualified i terested in teaching 

Street, New York 18, N. Y cond — a = 


manent position in 


fundamental underg 
Tepar ours + 
When answering an advertisement, send all replies : mage a ~ _ I 
to box number specified, c/o ELECTRICAL ENGINEER- “)4Ty Gepencen 
ING, 6th Floor, 33 West 39th Street, New York 18, With many in 

N. Y., unless other address is given. ment of Electrica 

i versity, St. I 





rRANSLATOR, tech 
> gniment hi ist [vt 


Positions Open 


PROFESSOR OF ELECTRICAL ENGINEER 
ING—to teach and « research in the hel f 
communicatio hould have Ph.D tea ig 

$9,400-$12.000. Writ 


Positions Wanted 


CANADIAN ELECTRICAL ENGINEER Ff 
ELECTRICAI ENGINEER 


r € er 


PFRANSACTIONS 


J FE. E. ASHLEY 
2ist Street, New York New York 


ENGINEERS. SCIENTISTS’ AND TECHNI 
CIANS RESUMES ou ecialtv. Write { 
V\ 4 
ASSISTANT OR ASSOCIATE PROFI 
WITH PHD. Larg late progra 


$9 000-8] 2 research Idea 


SSORS 





nate. B 


INSTRUCTORS AND RESEARCH ENGI 
NEERS to k D.S« t University of Nev 


See's tbe Manan ANT ELECTRICAL 
See eae Now Me ENGINEER 


puq uc ex 


PROFESSOR OF ELECTRICAI 
ING—Primar to Participate 
Resea Pr 


Deve 


ENGINEER 


Graduate Electrical engineer wanted 


velop automatic contr 
missile ground 

: Soinee 

Location, Eas ADL’s current 
ASSISTANT OR ASSOCIATE PROFESSOR O} area includes 

ELECTRICAL ENGINEERIN( oF cot 

ler-gradua inicat M.S 


nplete electrica 


ve automatic, foolproof, 
system. The long-rat 
developn 

of system 

GENERAI rRI¢ 

PFRONICS R t 


ypenir 


VAN( 
_ gees Boca dling liquefi 
l in the broad 


equiy ilent 
rience in 
systems; keen int 


ment of a wide variety 


of electro svs- 
tems in cooperation with mec hanical 
and chemical engineers: ability to 
carry project responsibility and to 
meet clients on a professional basis; 
knowledge of process instrumenta- 


\ 
tion practice, Experience with cryo- 


PHE CITY COLLEGE OF NEW YORK—S« 


rng eee ein genics is desirable. 
Send resume to CHARLES SCHOCK. 


_ — 


Arthur Tittle, Inc. 


20 ACORN PARK, CAMBRIDGE 40, MASS, 


stud Address 
CCNY, EE De 

ASSISTANT OR ASSOCIATE PROFESS 
Electrical Engineering at state ported ¢ 


located lexas Gulf ( 


IR 
rT olleg 
Excellent oppor 


M.S. or Ph.D.; salary 
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General Electric 
Announces Opportunities 
in Area of 


BALLISTIC MISSILE 
DEFENSE ENVIRONMENTS 


’ ; ? , ita IN. ¢ > D Oe 4 
Wide Diversity of Positions Inclute D& D on Long-Kange Surveillance Radar 


to detect ICBMs as 


Ps ] 


a nousands of m 


al area makes greater demand 





: 


Ig I$ 1g | 
| 


Antenna Design & Development 
SYSTEMS A D ' 
DEVELOPMENT ntenna & RF Components Development 

F : 

Sater Gecteme UHF & M/Weave Receiver Development 
Development Video Display Development 
Systems Analysis Data Reduction Equipment Design 
Data Analysis & Development 
Electronic Transistor Applications 


Countermeasures 3 
Systems Structural Design 


Computer Programmers Computer Applications 


for profession: 
ing conditions in-and-around Syracuse, New York. Please 


e to: Mr. James P. Kinsella, Div. 25 MQ. 


MISSILE DETECTION SYSTEMS SECTION 
HEAVY MILITARY ELECTRONIC EQUIPMENT DEPT. 


GENERAL @@ ELECTRIC 


Court Street, Syracuse, New York 








o 


New York 


This placement 
the Four 


service 


@ nonprofit 
placed as a result of 
to pay a fee at the 
Service. All 
the key numbers 
the New York 

cents in 


office 
postage to 





Chicago 


organization 
these 


rotes 


cover 


ist Rand 


is sponsored by 
Founder Societies for its 


members 


Applicants 


Please 


listings 
listed by 
replies should be addressed 
indicated and mailed 


enciose 


the cost 


Why not make use of it? It is operated as 
if 
agree 
the 
to 
to 
six 


of 


@ ENGINEERING SOCIETIES 
_. PERSONNEL SERVICE, INC. 


(Agency) 


Detroit 


San Francisco 


mailing and the return of the application 

Two weekly bulletins of engineering po 
sitions 
Pacific 
western and East Coast positions 
lished ond 


members at c subscription rate of $3.50 per 


open, one covering positions on the 


Coast and the other covering Mid- 
cre pub- 
each bulletin is available to 
end to non- 


$14.00 


quarter or $12.00 per annum, 


members oat $4:50 per quarter or 


per annum 








Men Available 


»NER 


B.Sc 


I 


OR ASSOC PROFESSOR 


Positions Available 


TECHNICAL EDITOR 


INSTRUCTOR 
teat n a 
in 


W -5¢ 


ACHING PERSONNEL for 
Ca Engineer ical 


ancie 
th Doctor's 


ELEC 


TRI 


SENIOR 


M 


Soutt 


SALI 
rad 


Will 


ELEC 


IRONIC 


S CORRESPONDENT 


nterest 


instrumentatic 


Ipful. Salary 


iL ENGINEERING 


ELECTRICAL ENGINEERS 


elec ) 


I 
TEACHING 
A ssistar Pp 


€ 1e€ 


PER 


R 


SUPERVISOR 


R 


TRANSFORMER DESIGNER 


ELECTRICAI ENGINEER 


eas t C x 


ENGINEER who has 
work in 


electro 


SENIOR ELEC 


rit ra t 


IRICAI 
I ter A perience to 
Electric 


and 
be considered in 
70A) 
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ISOLASTANE 
TUBING and TAPE 


— for sharp bends HEAT —for continuous perform- 


and irregular aS UKYE'), Pe ance at temperatures up 
surfaces to 155°C 


— > 


*F isovastane is Natvar's new elastomeric 
isocyanate type coating for Fiberglas braid , . : : : ‘ 
and tape. Registration pending Natvar Isolastane is now moking important savings possible. It makes it un- 


necessary to use expensive Class H materials to solve temperature problems 


during the manufacture of products which do not require Class H rating. 
fsolastane is outstanding in its 


Natvar Products @ ELASTICITY (EXTENSIBILITY) @ TOUGHNESS AND ABRASION RESISTANCE 
Vornished combric—cloth ond tope @ RESISTANCE TO HEAT @ WET DIELECTRIC STRENGTH 
Vernished convos ond duck @ RESISTANCE TO CRAZING AND CRACKING @ LOW TEMPERATURE FLEXIBILITY 


Varnished silk ond speciol reyon 
@ RESISTANCE TO SOLVENTS, @ FUNGISTATIC QUALITIES 


Varnished—Silicone cooted Fibergics 
INCLUDING THE ASKARELS 


Vornished popers—rope ond kroft 
Slot cell combinations, Abogias © 
Isogies® sheet ond tope Full technical data and samples are available on request 
Isolastane® sheet, tope, tubing 
ond sleeving 


Vinyl cooted—varnished tubing 

ond sleeving 

Extruded vinyl! tubing ond tope Cc '@) we ob oO he AT ] ON | as 
Styrofiex® flexible polystyrene tape 


treded i n 
SESE Ee FORMERLY THE NATIONAL VARNISHED PRODUCTS CORPORATION 


Ask for Catalog No. 24 TELEPHONE CABLE ADDRESS 
FULTON 8-8800 NATVAR: RAHWAY, N. J. 


203 RANDOLPH AVENUE @© WOODBRIDGE, NEW JERSEY 
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ALL DIRECTIONS AT ONCE 


They add new dimension to defense 


Advanced research on the Maser (Microwav 
ulated Emis 1 of Radianor z I 


a0 


lems. For example, this 


al electr mucs system 


Faicon missiles have been an important factor in establishir 
as a leader in advanced airborne electronics. Maz 
Tucson, Arizona, the Falcon missiles have both inft 


guidance systems. 





New commercial and military contracts have created an immediate ” : ‘ seat 
Creating a new world with ELECTRONICS 


need for engineers in the following areas: 


Communications Microwaves 

Reliability Crystal Filters 

Circuit Design Computer Engineering 
Systems Analysis Field Engineering 
Vacuum Tubes Semiconductors 


Write, briefly outlining your experience, to Mr. Phil N. Scheid, HUGHES AIRCRAFT COMPANY 


Hughes General O ffces, Bldg. 17C-1, Culver City, California. Culver City, El Segundo, 
Fulierton and Los Angeles, California 








© i086 HUGHES AIRCRAFT COMPANY Tucson, Arizona 
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ELECTRICAL ENGINEERS 
STEAM-ELECTRIC POWER PLANTS 


Established engineering firm with offices in 
Chicago and New York needs engineers ex- 


CHALLENGING OPPORTUNITIES IN 
RESEARCH AND DEVELOPMENT 


Design of electronic instrumenta- perienced in directing electrical design groups. 
tion for underwater ordnance. An- 
ELECTRONIC alytical and experimental treat- 
ENGINEERS ment of scientific research 
problems in the fields of hydro- 
dynamics, acoustics, electronics, 
SYSTEMS network theory, servomechanisms, 
ENGINEERS mechanics, information theory 
and noise analysis including ana- 
logue and digital computations. 


Must be graduate, registered, experienced in re- 
lay coordination, fault studies, switchgear spect- 
fication and handling vendor and client contacts. 
Age 28-40. Required for Chicago office Submit 


resume to: 
Box 619 
Electrical Engineering 
33 West 39th Street 
New York 18, N. Y. 


COPPELL LLL LL LM Lh hh hh he 
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THE PENNSYLVANIA STATE UNIVERSITY seals alae 
ORDNANCE RESEARCH LABORATORY AND NESECN ENGINEERS 


University Park, Pennsylvania 


Opportunities for Graduate Study 
Faculty Appointments for Qualified Applicants 
Excellent Working and Living Conditions 


Liberal Employee Benefit Programs 


SEND RESUME TO: Apply-FEDERAL PACIFIC ELECTRIC COMPANY 
ARNOLD ADDISON, PERSONNEL DIRECTOR 5S15 Third Street, San Francisco, ( alif 























Personnel Service, Inc. ambitious? | Rubber and Plastics 


Industries Conference 
OPPORTUNITIES WHICH (April 1957) 
LEAD TO MANAGEMENT 


) 

y 
As an independent leader AA 
in the field of high perme- NN 


ability magnetics, we are Th : 
expanding our creative e Ninth Annual Conference 


engineering leadership. on Electrical Engineering Prob- 
These are “threshold to lems in the Rubber and Plastics 
management ’ positions Industries was held in Akron, 
enn we mtee Ohio, April 8 and 9, 1957. 
ELECTRICAL AND 
ELECTRONIC ENGINEERS 


The conference was sponsored 
by the Subcommittee on Rubber 
Choose your own avenue d Plasti . 
of development or appli- — astics Industries of the 
CHIEF ELECTRICAL INSTRUMENT ENGI cation work in instrumen- AIEE Committee on General In- 
— tation, magnetic circuitry dustry Applications. 
and magnetic md@terials. 


ea experience 


y sey 4 There are eight papers with dis- 

you can qualijy jor @a@ ; FH 4 . 

: pried cussions in pub -99, 

really bright future, send publication 1-99 

APPLICATION ENGINEER, graduate electt experience summary to 104 pages. Price: $3.00. Write to: 

r wit experience in sales or narketil of 

servo components. servo motors, amplifiers o Mr. Keith Krewson, Mgr. of Personnel 
oi Salary. $8500-$9 e Order Department 


MAGINETICS AMERICAN INSTITUTE OF 
ELECTRICAL DESIGN ENGINEER, preferably inc. sueeanetihn. sami 
B.S 5-40, with several years’ experience on de ay vee 
Sieh Simishe seaming or vontiong, santana acorn PA 33 West 39th Street 
ittsburgh) New York 18, N. Y. 


Should have demonstrated creative ability. Sal . . 
$7200-$9000 a vear. Location, San Francisco (near metropolitan Pittsburgh) 


+64 
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AC —new direction for gyro engineers 


Now you can aim your career in a 
new direction . . . with a long-range 
future. For AC offers experienced 
gyroscope engineers the opportunity 
to work in design and development 
of gyros for some of the most ad- 
vanced and far-reaching projects in 
America’s defense and industry. 

At AC you can work on floated gyro- 
scopes for inertial guidance systems 
... inertial navigation systems... 


combination navigation and auto- 
matic pilot systems. You can grow 
with a company that’s already a 
leader in the production of highest 
quality gyroscopes and other electro- 
mechanical devices. 

This is worth thinking about: an AC 
future in which you can apply your 
talents to the fullest . . . on long- 
range projects of great importance 
- .- - In an atmosphere of personal 


security and progress. 

If you are a graduate engineer with 
three to six years’ experience in 
floated gyroscope design and devel- 
opment . . . or in the field of precision 
instruments... you should talk with 
the people at AC-Milwaukee. Just 
write Mr. Cecil Sundeen, Supervisor 
of Technical Employment, Dept. B, 
1925 E. Kenilworth Place, Milwau- 
kee 1, Wisconsin. 


SPARK PLUG > THE ELECTRONICS DIVISION OF GENERAL MOTORS 


Producers of: AChiever Inertial Guidance Systems ° 


Afterburner Fuel Controls 


° Bombing Navigational Computers 


Gun-Bomb-Rocket Sights * Gyro-Accelerometers « Gyroscopes * Speed Sensitive Switches *« Speed Sensors * Torquemeters 


1958 


May 


71A 








Pp rofessional Engineering 


trect ory 


Professional Engineering Directory Card 1” or 2” 12 times $160.00 





BLACK & VEATCH 


Consulting Engineers 


Electricity—Water—Sewage—lIndustry 
Reports, Design, Supervision of 
Construction. Investigations, Valuation 
and Rates 


1500 Meadow Lake Parkway ; 
Kansas City 14. Missouri 





JACKSON & MORELAND. INC. 
Engineers and Consultants 
Design and Supervision of Construction 
Reports—Examinations—Appraisals 
Machine Design—Technical Publications 


BOSTON NEW YORK 














Consult 
Z. H. POLACHEK 
Registered Patent Attorney 
1234 BROADWAY 
(At 3lst St.) 
New York 1. N.Y. 


PHONE 
LO. 5-3088 











ELECTRICAL TESTING 
LABORATORIES, INC. 


2 East End Avenue, New York 21, N. Y 


THE KULJIAN CORPORATION 


Engineers « Constructors « Consultants 
POWER PLANT SPECIALISTS 
Steam, Hydro. Diesel 
Utility ¢ Industrial ¢ Chemical 
1200 NO. BROAD ST.., PHILA. 21. PA. 











SANDERSON & PORTER 
ENGINEERS 
DESIGN 


CONSTRUCTION 


New York New York 











TRANSISTOR ENGINEERING 

S. Moskowitz D.D. Grieg N. J. Gottfried 

Product Transistorization. Complete Serv- 

ice in consulting. research. develop 

and production on transistor 

products and instruments. 

Electronic Research Associates, Inc. 
67 East Center Street, Nutley. N.J 

NUtley 2-5410 


CONSULT THIS 
DIRECTORY 


when in need of specialized 
engineering service 











SARGENT & LUNDY 
ENGINEERS 


140 South Dearborn Street 


CHICAGO. ILLINOIS 








ELLMANN ENGINEERING CO. 


Designer and Manufacturer of Electrical 
Signals and Fire Alarm Systems. 


P.O. Box 3627 
Washington 7, D.C. 


PETER F. LOFTUS CORPORATION 


Design and Consulting Engineers 
Electrical © Mechanical 
Structural © Civil 


e 
oP Nuclear © Architectural 


FIRST NATIONAL BANK BUILDING 


Pittsburgh 22, Penrsylvanic 








SLAUGHTER COMPANY 


MANUFACTURERS OF TEST EQUIPMENT 

HIGH VOLTAGE INSULATION TESTERS 

POWER SUPPLIES STROBOSCOPES 
SPECIAL TEST EQUIPMENT FOR 
ENGINEERING AND PRODUCTION 


PIQUA 8, OHIO 











HIGHLAND ENGINEERING CO. 
William R. Spittal & Staff 
Design, Development and Manufacture 


r the 
Electronics strial and A 
90 Magnolia St., Westbury. 
EDgewood 3-2933 


MEASUREMENTS 
A McGraw -Edison Div. 
RESEARCH & MANUFACTURING 
ENGINEERS 
Specialist in the Design and 
Development o 


Electronic Test Instruments 
oonton, 














F. C. TORKELSON CO. 


Industrial Plant Design 


146 South West Temple 
SALT LAKE CITY 1, UTAH 








INTERNATIONAL 
ENGINEERING COMPANY, INC. 


Engineers 
Investigations—Reports—Design 
Procurement—Field Engineering 

Domestic and Foreign 
74 New Montgomery St.. 
Sen Francisco 5, Calif 











MINER and MINER 


Consulting Engineers 
Incorporated 


Greeley Colorado 








The J. G. WHITE 
Engineering Corporation 


Design—Construction—Reports— 
Appraisals 


80 Broad Street NEW YORE 
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scientists and engineers 


NUCLEAR CAREERS NOW 


in worldwide reactor program 





Openings at all experience levels 





Degree essential. Experience as req 











Preliminary analysis: Conduct pre analysis and design of 
all power reactor systems and com 
: Shielding analysis: Advanced s d analysis on stationz and 
Hie plants 
Systems analysis: Engineering direction on reactor plant design. 
Control analysis: netic and overall nuclear yj er plant t 
ANALYZE Haz 1 anaiysis. : gita puters 
5 i Core “analysis: In ticality, t erature a eff 
s, ¢ ef and fuel cycles 
Stress ‘analysis: Structural, thermal, and dynamic stress analysis of high 
Heat ‘snietiliin analysis: Reactor systems — dynamics and thermo-dynamics 
a low 
Operations: Foreign and domestic—for checkout, start-up and training. 
Re es reiated expe ence and applicable degree. 
Instrumentation and control sicists and EE’s f sig 
sig im * ansist ar agnet 
s at ents. Desig sis 
‘ “ systems, using stability and transient response techr 
DEVELOP Fuel elements Metallurgists for R&D on nuclear fuel mate g 
at fects, evaluation of uranium and thorium alloy, s 
Nucle ar fuel re eprocessing I ga and s hemists f 
es a? ‘ t k. Expe thra t t 
Sy re T ‘ N ‘ 4 ‘ s 
Control mechanisms: Cont and safety rods, drives and allied tooling 
Reactor core components: Moderat ins, fuel elements, core suf ting 
DESIGN Machios design: 
Electrical: Rea¢ cont and power systems. 
Process systems and pane psc Pumps, Heat transfer equipment. 
Facilities: Mechanica! sys s 
Process instrumentation Re actor, auxiliary, and cont systems 
Other opportunities in: 
Theoretical, Exp. ental, Solid State Physics, Health Physics, 
Materials Research, Mechanical Component Development 
New programs add to years-ahead backlog 
Atomics International has built and is operating two power reactors—the Sodium Reactor 
., P Experiment and the Organic Moderated Reactor Experiment. Central station power plants 
based hese reactor concepts are in the planning stages right now on All s 
just begun a dvanced power re r stud or Southwest Atomic En Associ 
group < 15 es r-owned u ty ¢ panies 
Al is expanding overseas operations. With 5 foreign reactors already in operation or being 


built, AI recently signed agreements with ASEA of Sweden, which has oth es in 50 coun 
tries, and des MAG of West Germany, with whom AI formed the new com , INTER- 
ATOM, uisburg, West Germany 


Write i. for more details about exciting career opportunities at AI 


Mr. E. E. Newton, Personnel Office, Atomics International 
15330 Raymer Street, Van Nuys, California 
(In the suburban San Fernando Valley, near Los Angeles) 
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KNOPP 


Phase 
Shifter 
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90° leading to 
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PHASE SHIFTER. 
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indicators all conditions 
The KNOPP PHASE SHIFT 
fF « superior formance 
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degrees 
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Write now for full details. 


KNOPP INC. 


Dept. A-15, 1307 66th St., Oakland 8, Calif. 
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There is an Important Difference 
in this Southern States Disconnect 





All hookstick-operated disconnects are simple devices. There 
are no intricate mechanisms — nothing complicated in their 
design or construction. 

TYPE PBO-R Certain highly desired features are fairly well standardized 
on disconnects being marketed today: positive latching of the 
This regulator by-pass blade in its closed position; a blade pryout; guides to posi- 
switch offers a com- tion the blade when closing; and high pressure line contacts. 

Yet there is an umnportant difference in disconnects! 

You can’t see it feature by feature. It is apparent only when 
you take a good, studious look at the complete unit. For then 
you see how all of the features blend together to give you a 
poss ond isolate volt- sturdy, rugged and highly dependable piece of equipment. 
age regulators. Avail- Take a look at the Southern States PBO Disconnect illus- 
able in ratings of 7.5 trated above and youll see what we mean. 

— 15 kv — 400, 600, For the full story, see your Southern States representative, 
or write for Bulletin 55 PBO. 


poct unit thot pro- 
vides disconnecting 


means needed to by- 


and 1200 amps. 
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IN CANADA: Dominion Cutout Co., Ltd., Toronto 
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CONTROL is first! Now-—one step 
static control with switching reactors 


No wonder Nikita looks worried. CoNTROL has taken the 
strain off American industry’s pocketbook by cutting the 
cost of static control. 


American engineers who want to make free use of power 
switching guided by digital logic can now take over, be- 
cause CONTROL’s standard line of switching reactors give 
freedom of design and economy never before available. 


First, one-step static control with switching reactors is so 
easy to operate it can be put to work in everyday sequenc- 
ing and switching problems involving either a-c or d-<« 
loads. Auxiliary equipment is eliminated by the basketful 
Gone are all the preamplifiers, special power supplies, 
information-sorting single purpose logic units, and power 
switching relays. CONTROL’s one-step switching reactor 
does most of the job by itself. 


Second, these units, in four nominal volt-ampere ratings 
of 15, 75, 150 and 300, have no relay contacts or moving 
parts to replace. Switching is by impedance change. Install 
them and forget them—no wear, no maintenance 

Third, each Controx reactor performs all logic functions 
—AND, OR, NOT, MEMORY and TIME DELAY—through its multi- 
purpose controi coils. Signal source is derived typically 
from limit switches, push buttons, or photo-cells. 


Fourth, each unit has a 10,000:1 switching ratio under 
nominal supply voltage conditions. High inrush currents 
are handled without difficulty. 

To learn how ContTrROL reactors work, and how they'll 
fit your need for completely dependable, low-cost, ver- 
satile static control, write—and see why Nikita looks wor- 
ried. CONTROL, Dept. EN-+46, Butler, Pa. U.S. A. 


Reliability begins with CONTROL, 


*Expurgated translation. Heavens-to-Betsy! A DIVISION. OF MAGNETICS, INC. 
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Jerome: 


Yo At approximately a cycle, breaker is closed. 


Red line shows current path through contacts. 


ia, 


At one cycle, brecker is operating. Contacts have 
ported, arc is drawn. 


eecercee > 


Syerrercomn 


Ve At one and one-half cycles, arc has been 
2 forced into ar: chute for interruption. 








amr, 


At two cycles, arc has been extinguished, and 
complete circuit interruption has occurred. 


INTERRUPTS 
FAULTS IN 


ONLY ZCYCLES 


General Electric Announces Industry’s 
First 2-cycle, 13.8-kv Metal-clad 


Fault interruption in only two cycles is now pos- 
sible with General Electric’s new line of 13.8-k 
Metal-clad Switchg 
— new 2-cycle equi pmet 
signed to meet electric utilitie 
te cai and increased syst 
Electric utilities using General Electric 
13.8-kv breaker can get: 
@ reduced line burning 
@ better protection aga 
during faults, and 
@ better co-ordination 
protective devices. 
These same benefits are also provided by new 
companion 2-cycle, 4.16-kv Metal-clad Switchgear 
Contact your nearest G-E Apparatus Sales Office 
for more information on the new line of 2-cycle 
circuit breakers. General Electric Co., Schenectady, 
New York 


Progress /s Our Most /mportant Product 


GENERAL 963 ELECTRIC 





